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PREFACE 

This study was, in a real sense, unique. It was un- 
dertaken because of the need to develop better 
"tools", with which to make society-level decisions 
about the economic aspects of control strategies 
against animal disease. It was specifically aimed at 
the need of the Animal and Plant Health Inspection 
Service (APHIS) to have a better understanding and 
analysis of the benefits and costs of various strate- 
gies against foot-and-mouth disease (FMD) because 
of the recognized disastrous consequences should 
the disease be introduced into the United States. In 
addition to the specific findings in this publication, 
the cooperative agreement provided the opportunity 
for several important side benefits to evolve. Several 
people have had their professional training upgraded 
substantially, and new techniques of epidemiologic 
and economic analysis have been developed or 
adapted for use in future studies. Our professional 
interest is that the information in this report serves 
other investigators as a basis on which to improve 
their ability to make estimates about the economic 
impact of animal diseases and control strategies 
against them. 

The initiative of Francis J. Mulhern, APHIS ad- 
ministrator, combined with our interest in making 
contributions in the general area of animal health 
economics. We began our collaborative investigation 
as a relatively new mixture of professionals—econo- 
mists and veterinarians. Through working on this 
study, each has gained considerable knowledge 
about the terminology and analytic techniques of 
the other's profession. And we have had the oppor- 
tunity to exchange ideas with veterinarians and 
economists with similar interests in an international 
as well as a domestic arena. It has been a rewarding 
experience. The two of us were co-principal investi- 
gators. We relied heavily on the contributions of 
several veterinarians and economists. 

First mention should be of Nasser Aulaqi, who, as 
principal research economist throughout the study, 
did much of the economic analysis. Bill Miller came 
from England to do graduate work in epidemiology 
at the University of Minnesota and joined us in the 
early stages of the study. He developed a model for 
estimating the epidemiology of foot-and-mouth dis- 
ease (FMD). This model is one approach to enable 
us to scrutinize the parameters which affect the 
spread of disease in large populations. With full 
recognition of some of the professional controversy 
about this model, we are glad to include the report 
on it as a contribution to knowledge about epidemi- 
ology. A broader perspective of epidemic modeling 

was contributed by Bob Teclaw while he was in 
graduate school at the University of Minnesota. 
Later, John New, who also was a graduate student 
in epidemiology at Minnesota, worked with us. He 
developed the approaches for extrapolating the Eu- 
ropean experience with the spread and incidence 
of FMD to estimates of the epidemiologic effect in 
the United States. We used these estimates for our 
analysis because we concluded that such an ap- 
proach, extrapolations from actual experience, 
would, at least at this point, yield a more reliable 
basis for estimates than would a more abstract 
mathematical model. 

Throughout our work we were in close consulta- 
tion with veterinarians in Emergency Programs of 
the Animal and Plant Health Inspection Service. 
Their experience in disease control was of great as- 
sistance and we depended on their consultation and 
criticism for the design of the study. At times we 
were delayed in order to do some backtracking and 
rethinking as a result of divergencies in opinion. 
However, in the ultimate analysis, the quality of 
our work was considerably improved through this 
process. 

To carry out the study, we first had to examine the 
technical side of the question—the epidemiológica! 
and physical impacts of FMD under a variety of con- 
ditions. These technical dimensions then had to be 
analyzed as to their economic impact. In this proc- 
ess, we developed several reports, some of which 
provide the direct basis for our assumptions and 
others of which, as it turned out, were more indi- 
rectly concerned with the central issues. The more 
relevant ones are included in this publication be- 
cause they contribute to the body of knowledge 
about the component questions which come up in a 
study of this sort. In the General Report, the tech- 
nical and economic estimates are brought together 
to form our major conclusions. 

Probably the most significant report is Technical 
Report 5 on the benefit-cost analysis of FMD be- 
cause it is the first time, to our knowledge, that a 
dynamic method of economic analysis has been used 
to estimate the economic impact of animal disease 
in terms of consumer prices for animal products. 
Previous studies have either used a static method of 
economic analysis or have not addressed the eco- 
nomic impact on the primary recipients, consumers. 
We were fortunate to have the economic model 
developed by the Economic Research Service (ERS)^ 

^Now part of the Economics, Statistics, and Cooperatives Service. 



made available to us. Lloyd Teigen was a significant 
contributor, both to the development of the model 
and to its subsequent modification for use in our 
analyses. 

In the course of this study we were faced with 
having to describe various hypothetical situations 
of FMD in the United States. We had to decide on a 
few situations to use for analysis in order to provide 
understandable conclusions. The general philosophy 
behind setting these hypothesized situations was to 
describe the "worst possible" condition, with the 
idea that this would bracket the dimensions of the 
problem. We fully recognize that if FMD were intro- 
duced into the United States, the situation would 
probably be of smaller dimensions than we have 
estimated. On the other hand, it is conceivable that 
the size of impacts which we have estimated could 
occur. From time to time some readers of our drafts 
have interpreted our study objectives to mean we 
were either predicting the site and size of initial 
occurrence of the disease or we were projecting a 
precise description of the outcome. In our subse- 
quent writing, we have attempted to correct the 
causes for such possible misinterpretations. We 
hypothetically described outcomes of FMD intro- 
duction in order to provide a technical "could 
happen" framework for economic analysis, not to 
project a "would happen" situation. 

In addition to those people specifically mentioned 
earlier in this preface, we are grateful for the assist- 
ance given us by several others. Robert K. Ander- 
son of the School of Public Health, University of 
Minnesota, assisted in starting the study effort and 
in consultation. Earl Fuller of the Department of 
Agricultural and Applied Economics, University of 
Minnesota, provided guidance and research assist- 
ance. Hans Riemann of the School of Veterinary 
Medicine, University of California, was an early 
participant in our work on the epidemic model, and 
contributed by reviewing and editing later work. 

In the U.S. Department of Agriculture, Francis J. 
Mulhern was the initiator and administrator of the 
contract and E. C. [Buck) Sharman coordinated the 
contract and provided considerable guidance. Later, 

Gary P. Combs and Saul T. Wilson, Jr., took on co- 
ordination responsibilities and acted as consultants. 
Bob Page participated frequently in our study ses- 
sions at the University of Minnesota, particularly in 
the work on animal movement and modeling. Bill 
McCallon, Victor Beale, and James Multhrop as- 
sisted us through their critique of our work. The 
data base system developed by APHIS' Emergency 
Programs was very useful in our literature review. 
Several other APHIS veterinarians contributed 
through their comments and guidance in establishing 
experience perspective to our assumptions. Leo 
Gray, staff economist for APHIS, and George Frick 
of ERS assisted in their review and comment, par- 
ticularly on the indemnification guideline portion of 
our work. 

The stenographic and administrative assistance 
provided by Barbara Carley, Nancy Totsch, Judy 
Brynjulfson, Dorothy Lanager, Betty Covington, 
Shan Balmer, and Cheryl Carlson in the College of 
Veterinary Medicine and by Margaret Harmon and 
Nancy VanHemert in the Department of Agricultural 
and Applied Economics, University of Minnesota, is 
greatly appreciated. Michael P. Schenk, medical 
illustrator, did the illustrations. Bob Bostrum of the 
University of Minnesota assisted in providing statis- 
tical consultation. Appreciation goes to M. William 
Lerner and William Hutchinson of APHIS Informa- 
tion Division who assisted substantially in the edit- 
ing and publication preparation. Also to Robert 
Crozier who designed the cover, layout, and type 
style. 

W^e have appreciated the opportunity to work on 
this study with our research colleagues and the 
many professionals in APHIS who have been so 
cooperative. It has given us a chance not only to 
meet the objectives presented to us but, hopefully, to 
make contributions on which future investigators in 
animal disease economics can build. 

Principal Investigators: 
E. Hunt McCauley 
College of Veterinary 

Medicine 
University of Minnesota 

W. B. Sundquist 
Department of Agricul- 

tural and Applied 
Economics 

University of Minnesota 
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GENERAL REPORT 

A STUDY OF THE POTENTIAL ECONOMIC IMPACT 

OF FOOT-AND-MOUTH DISEASE IN THE UNITED STATES 

The possibility of the introduction of foot-and- 
mouth disease (FMD) into the United States is of 
great concern to all persons involved in our live- 
stock industry, and indeed the whole Nation. For 
many years, we have enjoyed freedom from this 
disease which is common in most parts of the world. 
The impact of FMD introduction would be stagger- 
ing. It would be of particular concern to those offi- 
cials in the Animal and Plant Health Inspection 
Service (APHIS) of the U.S. Department of Agricul- 
ture (USDA) who would be faced with having to 
make immediate decisions about strategies which 
they might employ to eradicate the disease or to 
reduce its impact. Because of the complexities of the 
interaction of FMD with its animal hosts and the 
economic and physical environment in which they 
live, the dimensions of the consequences of control 
strategy decisions are difficult to assess. This is true 
even under conditions of the analysis done in this 
study, but most certainly under conditions of a need 
for immediate decisions. 

With these concerns in mind, the Administrator of 
APHIS and others initiated a study aimed at defining 
and estimating the potential economic impact of 
FMD and of technologically conceivable control 
strategies under the conditions of the hypothesized 
introduction of the disease into the United States. 
Under a cooperative agreement with APHIS, the 
College of Veterinary Medicine and the Department 
of Agricultural and Applied Economics at the Uni- 
versity of Minnesota collaborated on a study to 
estimate the technical and economic dimensions of 
the disease and of selected control strategies, and to 
provide guidelines which would be useful to deci- 
sionmakers in their strategy and budget planning. 
This general report describes the major assumptions, 
analytic methods, findings, and conclusions of this 
study. 

This study was conducted with the following 
major objectives: 

1. To estimate the economic impact for the 
United States should FMD become endemic. 

2. To estimate the relative costs and benefits of 
alternative control strategies against FMD in 
the United States, and 

3. To provide guidelines for indemnification to 
livestock producers under animal disease con- 
trol programs. 

This study required the contribution of veteri- 
narians, economists, animal scientists, and statisti- 
cians. Many individuals in academia and govern- 
ment service were involved either as contributors 
or to provide consultation and background. The data 
were gathered from a wide variety of literature and 
personal interviews. Early during the study, it be- 
came apparent that in order to proceed with the 
establishment of the necessary assumptions, several 
basic questions had to be investigated before we 
could provide information for use not only in this 
study but in future studies in animal health econom- 
ics as well. The results of these investigations are 
described in a series of 12 technical reports, which 
are included in their entirety in this volume. Techni- 
cal Report 12 deals principally with objective 3 
above, the provision of indemnification guidelines. 
This topic is not treated elsewhere in this general 
report. 

FOOT-AND-MOUTH DISEASE 

This disease is the most contagious viral infection 
affecting cattle, swine, sheep, goats, and other 
cloven-footed domestic and wild animals. It is char- 
acterized by vesicular eruptions (blisters), followed 
by erosions of the epithelium of the mouth, muzzle, 
feet, teats, and udder. Particularly in susceptible 
cattle, there may be permanent damage to heart 
muscle and feet. In most outbreaks the morbidity is 
high and the mortality is low except in young an- 
imals that become malnourished from inadequate 
nursing due to oral lesions combined with the teat 
lesions of their mothers. The most important method 
of FMD transmission is by infected animals in aero- 
sol contact with susceptible animals. The most likely 
method of introducing FMD into the United States is 
from contaminated animal products, frozen semen, 
or animal feed imported from areas of the world 
which have the disease. 



The clinical diagnosis of FMD is easily confused 
with other diseases, especially vesicular stomatitis, 
vesicular exanthema, and swine vesicular disease 
which cause similar signs. In the United States, any 
farm with animals showing vesicular lesions is 
strictly quarantined until the field diagnosis can be 
verified by laboratory examination either at the 
National Veterinary Services Diagnostic Laboratory 
in Ames, Iowa, or at the Plum Island Animal Disease 
Center. This diagnostic capability and the quaran- 
tine policy which we have in the United States is the 
most important defense against the potentially catas- 
trophic spread of the disease. 

Successful immunization against FMD is possible 
but relatively difficult. There are vaccines, but the 
nature of the virus poses two serious technical prob- 
lems: (1) the duration of vaccine immunity is short 
(6 to 12 months), and (2) a vaccine against one virus 
type does not protect against another virus type. (At 
least 7 immunologically distinct types of the FMD 
virus have been identified and each type has 3 to 29 
different subtypes. The immunity against one sub- 
type is only partial or nonexistent against another 
subtype.) As a practical matter in endemic areas, 
animals are vaccinated with a polyvalent vaccine 
frequently or, in some areas, only in anticipation of 
an increased threat of the disease. Another proce- 
dure that is successfully practiced in endemic areas 
is to deliberately expose animals to FMD at times 
when the risk of production loss is lowest—for 
example, when they have access to ample feed in 
contrast to when they are being moved or during a 
dry season. 

FMD IN THE UNITED STATES 

FMD has been introduced into the United States 
on eight occasions since the first reported introduc- 
tion in 1870. The disease has not become endemic 
following such introductions because of the success- 
ful employment of strict slaughter and quarantine 
disease control procedures. The most recent intro- 
duction of FMD into the United States was a mild 
outbreak in California in 1929. Prior to that, in 1924, 
another outbreak of FMD in California resulted in 
the destruction of 109,000 cattle, sheep, and swine 
in the successful eradication program. Also during 
that epidemic, some 22,000 deer in the Stanislaus 
National Forest were destroyed because infection 
was detected in deer that had been in contact with 
cattle. 

The most devastating U.S. epidemic occurred in 
1914. This epidemic started in Michigan and by 1915 
had spread to 22 States after it gained entry to the 
Chicago  stockyards.  During that eradication pro- 

gram, some 172,000 cattle, sheep, goats, and swine 
were slaughtered. 

FMD IN OTHER COUNTRIES 

A large part of the world lives with FMD as an 
endemic disease under conditions varying from only 
sporadic vaccination or controlled infection manage- 
ment to the strict control of animal and animal prod- 
uct movement and the compulsory vaccination of all 
or most susceptible animals. Control programs in 
countries with endemic FMD vary greatly in both 
intensity of application and effectiveness. In general, 
the most effective control programs are found in 
Europe. 

Several countries besides the United States are 
considered to be "free" of FMD. A country is "free" 
of the disease, according to the standards of APHIS, 
if it has not had outbreaks for several years, if ever, 
and does not vaccinate against FMD. An additional 
requirement is that the country have a policy of 
employing strict eradication measures to "stamp 
out" any outbreak. Furthermore, it must have re- 
quested recognition as an "FMD-free" country, 
maintain diagnostic services capable of diagnosing 
FMD, and carry out ongoing measures to adequately 
investigate outbreaks of diseases which are suspi- 
cious of being FMD, i.e., vesicular diseases. Aus- 
tralia, New Zealand, Japan, Ireland, and England are 
in this group. In the Western Hemisphere, all coun- 
tries north of Colombia are "free" of FMD. 

An important contemporary issue threatening the 
"FMD-free" position of North America is the planned 
highway construction through the Darien Gap which 
separates the Pan American Highway between 
Colombia and Panama. During the period 1946 to 
1954, Mexico experienced an FMD outbreak which 
was controlled by a combination of strict slaughter 
and area vaccination programs. A 1952 outbreak in 
Canada was stopped by prompt regulatory action 
aided by the severe winter weather which hindered 
normal animal movement that year. Since 1954, there 
have been no known incidents of FMD infection in 
North America. APHIS' efforts in maintaining import 
restrictions on animals and animal products into the 
United States and the Agency's coordination of pro- 
grams in Mexico and the Central American countries 
are undoubtedly major reasons for this record. 

ALTERNATIVE CONTROL STRATEGIES FOR 
THE UNITED STATES 

Even with our current import restrictions, it is far 
from fanciful to hypothesize the occurrence of an 
FMD introduction because of the increase in inter- 
national movement of animals and animal products 
and travel by animal producers. The extent and size 



of the potential disaster following an introduction 
of FMD would depend on the location of the intro- 
duction, rapidity of diagnosis, ease of employing 
eradication procedures, the FMD virus serotype 
introduced, and other environmental conditions at 
the introduction site. 

In this study, we started our work from the con- 
ceptual point of FMD having been introduced into 
the United States. Our task was then to estimate 
the economic outcome over a 15-year period of a 
series of hypothesized disease situations and control 
efforts against them. These outcomes were com- 
pared to a baseline projection with the present 
preventive policies continuing to be successful in 
keeping the disease out. The background data for 
our assumptions about the dimensions of these situ- 
ations and programs are contained in Technical Re- 
ports 1, 2, 3, 4, and 7. A description of the strategies 
upon which we based our analyses follows and is 
summarized in table 1.  These strategies are: 

1. The current preventive policy of restricting 
imports of animals and animal products which 
has been successful for some 48 years. During 
this time the implementation of an eradication 
or control program has not been necessary. 

TABLE 1.    Strategies against FMD 

Eradication Animals Vaccine 
Strategy a goal? slaughtered used? 

Present preventive 
policy—import 
restriction yes 

(Not 
applicable) 

(Not 
applicable) 

Strict slaughter 
and quarantine 
("stamp-out") yes 

Infected 
and exposed no 

Area Infected 
vaccination yes and exposed yes 

Endemic: 
Compulsory 

vaccination no Infected yes 

Voluntary 
control no no 

yes, 
voluntarily 

2. A policy of eradication by strict slaughter and 
quarantine f''stamp-out''J would logically be the 
first policy employed in the United States 
should FMD be introduced. The Emergency 
Programs staff of APHIS maintains an efficient 
organization in readiness to employ this policy 
should the need arise. A major concern to these 
officials, and the one which was basic to the 
initiation of this study, is the degree to which 
this policy should be pursued before an alterna- 
tive strategy is employed. In other words, "how 
many animals should be slaughtered in this 
eradication effort before the technical, eco- 
nomic, and/or political limits of feasibility are 

reached?" We suggest that an outbreak of FMD 
in the Midwest would be the most likely 
situation to produce this sort of crisis because 
of the high density and rapid movement of 
livestock and the relative lack of topographic 
features which would help deter the spread of 
the disease in this area. Consider the contrast 
of the 1928-29 outbreaks which were contained 
in small areas in California to the 1914 outbreak 
in the Midwest which spread quickly to 22 
States. 
An area vaccination program aimed at achiev- 
ing eradication of FMD is an option which 
decisionmakers might consider if maintaining 
the "stamp-out" policy was approaching limits 
of feasibility. Under this policy, a large area 
surrounding the FMD introduction site, prob- 
ably several States, would be established as 
an FMD control area with restrictions against 
the export of animals and certain animal prod- 
ucts, slaughter of infected and exposed herds, 
and vaccination of all susceptible animals. A 
vaccination program would be carried out in 
order to reduce incidence and would be fol- 
lowed by years of surveillance without vaccina- 
tion until such time as it was judged that FMD 
had been eradicated. A similar strategy was 
successfully employed during the late stages 
of the campaign in Mexico. 
The endemic situation would have to be allowed 
if the limits of the technical and economic 
feasibilities of the previous strategies had been 
reached. Essentially, the decision would be that 
the United States would have to "live with" 
some degree of endemicity of FMD for the 
foreseeable future as do many countries of the 
world today. The idea of eradication would 
have been given up, at least for a time. In the 
endemic situation, the United States would 
undoubtedly employ well-organized control 
procedures of vaccination and slaughter of 
infected herds in order to reduce production 
losses. In our study we estimated the economic 
impact of endemic FMD under: (1) a compul- 
sory vaccination program [under Government 
regulation), and (2) a voluntary program (op- 
tional control by individual States and pro- 
ducers). To understand the main conclusions of 
this study, it is important to keep in mind that 
the benefit of implementing and operating any 
of the control or eradication procedures is the 
avoidance of "living with FMD" under the 
worst possible conditions—endemic FMD with 
an earJy explosive outbreak followed by only 
voluntary control of the disease. 



DATA SOURCES AND ESTIMATION 
PROCEDURES 

Following is a brief discussion of the data sources 
and procedures we used to estimate the epidemio- 
logic impact, production losses, and control program 
costs. These were then used to estimate the eco- 
nomic impact of FMD and, in effect, establish the 
bases for our conclusions on the relative benefits 
and costs of various strategies against FMD. 

1. The Preventive Policy. Costs of maintaining 
this policy were estimated by APHIS to be $10 
million per year. This program prevents the entry 
of several other exotic livestock diseases besides 
FMD. But, we have charged the total cost to the 
prevention of FMD introduction. 

2. Eradication by Slaughter and Quarantine. We 
used a slaughter rate of 1 percent of the total U.S. 
cattle, sheep, and swine population to estimate the 
economic impact of implementing this policy with 
a very severe disease situation. This rate is con- 
sidered by most experts to be the highest rate of 
slaughter required under a "stamp-out" policy. 

Based upon information from APHIS, program 
costs for such a high rate of eradication slaughter 
were estimated at $539 million. About 60 percent of 
this amount is for indemnity payments to producers. 

The net effect of such a slaughter rate on increased 
prices to consumers was estimated from a livestock 
industry econometric model (described later in this 
report) to be $1,020 million. It is most likely that, in 
any realized FMD outbreak, the slaughter rate would 
be much less, like 0.1 percent in which case the pro- 
gram costs and the consumer price impact would be 
considerably less than the 1 percent slaughter rate. 

3. Eradication by Area Vaccination. As one can 
imagine, there are numerous variations of such a 
policy depending mainly on the area and the extent 
of infection. In order to specify a situation which 
we could estimate in our study, we selected an 
area of seven Midwestern States in which this 
hypothetical program would be carried out. (The 
complex assumptions about topics such as vaccine 
production and application, program administration, 
and animal products affected are treated in detail in 
Technical Report 3. Costs of producing, distributing, 
and applying vaccine are estimated at $3 per head.) 

We assumed that the need to vaccinate would 
have ceased after the first year and that surveillance 
for new FMD outbreaks would be continued for 
another 2 years when the area would be declared 
"free" of FMD and the quarantine would be lifted. 
We assumed that 0.5 percent of the animals in the 
seven-State area would have to be slaughtered in 
the first year. And, this would increase consumer 
prices by about $100 million over a period of sev- 

eral years. The costs for personnel, vehicles, and 
supplies were based on APHIS estimates of pro- 
gram costs. 

4. The Endemic Situation. As previously dis- 
cussed, endemic FMD is the situation we are trying 
to avoid by the control programs referred to earlier. 
It is an admission that we have to "live with" some 
level of FMD because technical capacities have been 
overtaxed or because eradication costs exceed the 
resources we can justifiably expend. 

To estimate the epidemiologic impact in the en- 
demic situation, we assumed that during the first 
year after the decision to allow the endemic state 
of FMD in the United States, 70 percent of the 
susceptible animals would be affected because of 
the high susceptibility of our livestock population 
and possible difficulties in implementing adequate 
control procedures. This assumption was based on 
expert opinion and supported in part by results of 
the epidemic model described in Technical Report 7. 
At the end of this first year, we assumed that the 
early explosive period would have stabilized. If a 
compulsory vaccination and control program is 
started it would be well organized by that time with 
optimum control of FMD infection being achieved 
2 years later. We used data from West Germany as 
the basis for the estimation of the number of herds 
affected because since 1966 that country has carried 
out a compulsory vaccination program similar to 
that which we would hypothesize for the United 
States. Clearly, there are differences between the 
livestock industries of the two countries which had 
to be reconciled through data evaluation and extrap- 
olative procedures. These details are more fully 
described in Technical Report 1. Despite compul- 
sory vaccination consumers would pay a net in- 
crease of $2.72 billion in higher prices compared 
to the 'TMD Free" situation. 

The worst possible impact for the United States 
would be endemic FMD with the employment of 
only voluntary vaccination and minimal control 
regulation. To estimate the infection rate after the 
early explosive period for this situation, we again 
used information from West Germany where epi- 
demiologic data had been collected for many years 
prior to 1966, at which time officials initiated their 
compulsory vaccination program. We estimated that 
there would be two subsequent epidemics during the 
15-year period for which we projected costs and 
benefits. This is consistent with the most severe 
experiences in European countries under endemic 
FMD conditions. These epidemiologic estimates for 
endemic FMD in the United States under both the 
compulsory and voluntary control programs are 
shown in figure G-1. 
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PRODUCTION LOSS ESTIMATES 

To calculate the total production loss caused by 
FMD infection in livestock, we multiplied the total 
number of animals affected by percentage estimates 
of each of the various physical impairments suffered 
by affected animals such as death, permanent dam- 
age, uncompensated growth interruption, abortion 
and reproductive inefficiency, and decreased milk 
production. For example, we estimated the follow- 
ing annual losses in infected cattle: 

1. Death and permanent disability. 0 to 12 months 
age—13 percent; and above 12 months—6 per- 
cent. 

2. Growth interruption. Fifty percent of infected 
growing cattle would reach market weight 2 
months later and would consume the equiva- 
lent of 1 month's more feed than uninfected 
cattle. Fifty percent of growing cattle are 
marketed with no delay and no additional feed 
requirement due to complete compensatory 
gain. 

3. Abortion and reproductive inefficiency. Beef 
cows—10 percent abortion rate and a resulting 
identical loss in calf crop. No additional loss 
was calculated due to delay in breeding. Dairy 
cows—10 percent abortion rate for pregnant 
cows (three quarters of the dairy cows) and a 
2-month delay in breeding of open cows and 
heifers. 

4. Decrease in miJk production. 1,000 pounds for 
each cow which aborts. Decreased milk produc- 
tion from general illness and inflammation of 
teats and mammary gland tissue varies with 
degree of damage and stage of lactation. The 
infected milk cows were divided into five cate- 
gories to reflect this variation, as follows: 

a. One-third lose 10 days' production from 
illness and then return to full production. 

b. One-sixth lose 14 days' production and 
then return to full production. 

c. One-sixth lose the remainder of the last 
half of their lactation period production. 

d. One-sixth lose all of their lactation 
production because of mastitis. 

e. One-sixth are culled because of per- 
manent damage to the mammary gland from 
mastitis. 

With the exception of decreased milk production, 
losses in similar categories were calculated for 
swine and sheep. In the case of swine, the evidence 
available indicates that a higher (80 percent) death 
loss in piglets should be estimated. The above 
estimates of physical losses were based on an 
evaluation of available  data and expert opinion. 

They are discussed fully in Technical Reports 2 
and 8. 

THE ECONOMIC ANALYSIS 

We used an annual econometric simulation model 
of the U.S. livestock industry to develop a set of 
baseline estimates and to assess the impacts associ- 
ated with alternative FMD control and eradication 
policies over a 15-year period (1976-1990). The 
model we used was an adapted version of a model 
developed by the Commodity Economics Division, 
Economic Research Service,^ USDA. The price and 
output results generated by the model were then 
utilized as the data for the benefit-cost evaluation 
discussed later. This annual model is dynamic in 
that it takes into account production and consump- 
tion adjustments over time resulting from changes 
in factor and commodity supplies and prices. It also 
incorporates the impacts of exogenous variables 
such as population, wage rates, annual slaughter 
capacity, and others. These dynamic adjustments 
over time, including interproduct substitutions, have 
been largely ignored in previous static (and exces- 
sively partial) studies on animal health economics. 
This model is described more fully in Technical 
Report 5. 

The model generates the increased costs borne 
by consumers due to a supply decrease caused by 
production losses from FMD infection or from the 
slaughter required in a "stamp-out" eradication pro- 
gram. Under the assumed "worst possible," endemic 
situation, the reduction in beef supplies caused the 
consumer price to increase 12 percent the first year 
and 15 percent the second year. In later years, the 
size of this price increase was less pronounced 
because producers responded by increasing meat 
supplies. The estimated consumption and retail 
price impacts for beef are shown in table 2. This 
same simulation was done simultaneously for each 
of the products affected by FMD infection of ani- 
mals. Because of reduced supplies and higher prices, 
consumption of fluid milk was estimated to be down 
271 million pounds for the first year of the endemic 
situation. This resulted in an initial-year consumer 
price increase of 8.4 cents per hundredweight. In 
later years, the average impact was much less, 
partially as the result of an exogenously projected 
decline in fluid milk consumption even in the ab- 
sence of FMD. For swine, the consumption decline 
in the first year of the endemic situation was esti- 
mated at 564 million pounds. This, in turn, gave rise 
to an 8-cents-per-pound increase in the consumer 
price for pork. This sharp impact estimated for pork 

"^Now part of the Economics, Statistics, and Cooperative Service. 



TABLE 2. Estimated effect of endemic foot-and-mouth 
disease on the consumption and retail price of heef for a 
15-yeaT period i 

Civilian consumption 
of beef 

(Million pounds Retail price of beef 
Year carcass weight) (Cents per pound) 

Differences Differences 
Benchmark with Benchmark with 
(No FMD) endemic FMD (No FMD) endemic FMD 

1976 27,960 -1,952 157.77 19.00 

1977 28,396 -2,196 156.11 23.95 

1978 30,249 -316 150.33 4.96 

1979 31,799 -168 136.29 11.56 

1980 33,292 479 132.16 1.65 

1981 34,451 -528 134.64 19.82 

1982 35,256 -408 144.55 9.91 

1983 35,824 760 154.46 -11.56 

1984 36,369 535 162.72 -10.74 

1985 37,022 674 165.20 -23.95 

1986 37,814 -1,228 165.20 20.65 

1987 38,698 -1,212 161.90 2.48 

1988 39,563 -393 161.90 7.43 

1989 40,362 -582 163.55 4.96 

1990 41,056 -166 173.46 8.26 

1 These estimates were generated by the ERS annual simulation model of 
the U.S. livestock industry which was adapted to receive the supply de- 
creases caused by FMD. Annual production losses were those estimated to 
occur as a result of allowing FMD to become endemic in the United 
States with only voluntary control procedures. The simulation takes into 
account producer and consumer responses to price changes, the interde- 
pendencies of livestock products and substitute products such as fish, and 
the technical conversions inherently present in the livestock industry such 
as reproduction cycles and feed supplies. As a matter of convenience, the 
period of 1976 through 1990 was used for this estimation. This in no way, 
however, implies a prediction of the time of an introduction of FMD into 
the United States. 

Similar estimates were made of the effect of FMD on pork and milk 
consumption and on the consumption of substitute commodities such as 
chickens and eggs. 

supplies and prices is followed by a fairly rapid 
return to more normal supply-price relationships 
in subsequent years. 

In this study, some issues were considered for 
analysis and then later rejected because they seemed 
to lead to conclusions which could not be defended 
as rigorously as the main conclusions either because 
data was lacking or because the issue itself was 
difficult to specify or resolve. One such issue is the 
negative effect FMD would likely have on certain 
businesses associated with the livestock production 
and marketing industry. We recognize that there 
would be such secondary effects resulting from 
widespread FMD infections in the United States. 
But, such effects tend to be transitory, difficult to 
quantify, and probably exist mostly in the form 
of transfer payments between economic sectors. 
Another issue is the death loss in wild ruminants 
(deer, elk, moose, and antelope) due to FMD infec- 

tion. This is a loss that can be expected, but we do 
not have an adequate basis for estimation of its 
physical size and its economic impact. And, of 
course, it would vary greatly by geographic area. 
Much of the decrease in money spent on big game 
hunting can be expected to be diverted rapidly to 
other outdoor sporting activities or to big game 
hunting in geographical areas not impacted by FMD. 

The question of the effect of endemic FMD on our 
exports of animal products came up frequently be- 
cause most countries which do not have FMD could 
be expected to ban our products to avoid the intro- 
duction of FMD into their livestock populations. We 
export almost $0.5 billion annually in animals and 

TABLE 3. Ranking of control and eradication policies 
against FMD in terms of benefit-cost ratios and discounted 
present values, 1976-1990 

Net discounted 
Discounted present value Benefit- 

present CDPV of benefits cost 
Policy value 1 DPV less DPV of costs) ratio 

 Millions of dollars • 
Benefits^ Costs 

Preventive policy    11,650 

Eradication by 
strict slaughter 
and quarantine 
"stamp-out" 

Eradication by 
area 
vaccination 

10,630 

11.550 

92 

5393 

690 

Compulsory vac- 
cination control 
program with 
endemic FMD 8,931 4,196 

11,006 

10,091 

10,860 

4,735 

120.6 

19.7 

15.74 

2.1 

1 Discounted present value is "the current value" of the benefits or costs 
of specific programs considered. It is a useful way of comparing current 
and future costs with current and future benefits which occur over time. 
The discount rate used was 8 percent per annum. 
2The benefit amount of $11.65 billion is the estimated net increase 
in cost to consumers because of the inefficiency of production of meat 
and milk products caused by endemic FMD with only voluntary control. 
Avoiding this cost is the benefit of successful control programs. Except 
for the prevention policy, which successfully keeps out FMD completely, 
each of the other policies is implemented with nonrealization of a por- 
tion of this estimated amount f$11.65 billion] of benefits. Under "stamp 
out," the program itself involves a decrease in animal product supplies 
which reduces the total net benefits flosses prevented] to consumers 
from $11.65 billion to $10.63 billion. The animal slaughter under an 
area vaccination program, in turn, results in consumers paying $0.10 
billion in increased prices compared to the non FMD baseline case; so 
the total benefit would be $11.55 billion. In the case of national com- 
pulsory vaccination with endemic FMD, the no FMD benefit of $11.65 
billion was reduced by $2.719 billion because of the impacts of the 
disease. 
3 This $0.539 billion amount is for an eradication slaughter rate of 1 per- 
cent of total livestock and is made up of program costs of which about 60 
percent is indemnity payments. 
*This benefit-cost ratio should not be compared to the one for eradica- 
tion by "stamp-out" because eradication by area vaccination would only 
be employed if the "stamp-out" approach had become technically and/or 
economically infeasible. It, therefore, is the benefit-cost ratio of a "next- 
step" in eradication strategy planning. 



animal products to countries which are free of FMD. 
In our analysis we did not include this as a loss 
because we were not able to predict which countries 
would ban which products and, more importantly, 
because many of these products could be marketed 
in other countries which have some degree of en- 
demic FMD. Most animal products which the United 
States exports probably could not be diverted to 
domestic use because they have a relatively low 
demand preference in this country. 

The major findings and benefit-cost relationships 
associated with implementation of the different 
strategies are shown in table 3. 

SUMMARY OF MAJOR CONCLUSIONS 

The major conclusions of our study are as follows: 
1. If FMD is introduced into the United States and 

leads to a serious epidemic followed by an endemic 
situation with only voluntary control, the discounted 
present value of losses (mainly in the form of in- 
creased consumer costs for animal products] for a 
15-year period is estimated to be almost $12 billion. 
This then is the benefit of programs which prevent 
this undesirable outcome from occurring. 

2. The present policy of restricting the import of 
animals and animal products is overwhelmingly 
justified by a benefit-cost ratio of 120 to 1. 

3. The strict slaughter-and-quarantine policy 
against FMD would be within limits of economic 
feasibility even to the point where as high as 1 per- 
cent of the livestock was slaughtered in the eradica- 
tion effort. Such a massive eradication program still 

yields a benefit-cost ratio of 19.7 to 1. For eradication/ 
efforts in which a lower number of animals would 
have to be slaughtered, say, 0.1 percent (as in the 
1914 outbreak), the benefit-cost ratio would be con- 
siderably higher. Use of a straight-line relationship 
to estimate the cost for a 0.1 percent slaughter is 
probably the most reasonable procedure available 
and is, in fact, supported by cost data from the 
recent hog cholera eradication program in North- 
eastern United States. Using this procedure, the 
cost of such an eradication program with a 0.1 per- 
cent slaughter rate is estimated at approximately 
$54 million and the benefit-cost ratio about 190 or 
200 to 1. 

4. From the standpoint of its economic evaluation, 
the area vaccination approach to eliminating FMD 
(with a benefit-cost ratio of 15.7 to 1 for our 
example) would appear to be a feasible alternative 
following the "stamp-out" policy. But serious ques- 
tions must be raised about the technical and political 
feasibility of containing a large area of the United 
States in a disadvantaged marketing position for the 
extended time period of 3 years or more. Also we 
question the feasibility of containing the FMD virus 
in such an area given the contagiousness of the 
disease and the potential incentives for illicit trans- 
port of animals and other carriers of FMD virus to 
areas with susceptible animals. 

5. The relatively low benefit-cost ratio estimated 
for compulsory vaccination implies that there could 
be a high payoff for new technology leading to im- 
proved FMD vaccines and to their more efficient 
application. 



TECHNICAL REPORT NO. 1 

THE EFFECT OF VACCINATION PROGRAMS 
ON ENDEMIC FOOT-AND-MOUTH DISEASE 

John C. New, Jr., D.V.M., M.P.H.^ 

INTRODUCTION 

Foot-and-mouth disease [FMD) is endemic in many 
areas of the world and it is conceivable that it could 
become endemic in the United States. If, and when, 
as some experts contend, the disease is introduced 
into the United States, existing policy would put 
into motion a strict quarantine-and-slaughter pro- 
gram aimed at eradication as an immediate goal. 
This has been accomplished in the past in certain 
areas of the world as well as in the United States, 
but this is no guarantee of future success. The live- 
stock industry of today in the United States presents 
unique opportunities for a virus of the nature of 
FMD to be disseminated over a wide area and/or to 
large numbers of animals in a relatively short period 
of time. In 1967, a "mock" outbreak of FMD staged 
by the U.S. Department of Agriculture (USDA) as a 
training exercise used the South St. Paul, Minnesota, 
stockyards as an example of what could happen if 
the virus were introduced into one of the major 
livestock markets. During the exercise, the move- 
ment of 24,357 cattle, swine, and sheep were traced, 
of which 11,222 (46 percent) were ''condemned" (2)^. 
An evaluation in the late 1960's of livestock move- 
ments in three federally inspected stockyards for 1 
week showed movement into 42 of the 50 States [17]. 

Dense livestock populations in certain areas of 
the United States as well as the highly mobile char- 
acteristics of the industry make for a situation in 
which we could lose control of the FMD virus and 
thus lose eradication as an immediate goal. Con- 
ceivably an eradication program could become eco- 
nomically or technically unfeasible. We would then 
have to turn to other measures of control with an 
objective of minimizing losses to the economy. 

Since the purpose of the University of Minnesota/ 
USDA study is to estimate the economic impact of 
FMD if introduced into the United States, the pos- 
sible endemic state is one of the situations that must 
be considered, and a reliable basis for the estimation 

iDr. New is currently an Assistant Professor, Department of Environ- 
mental Practice, College of Veterinary Medicine, University of Tennessee, 
Knoxville, TN 37901. 
2 Italic numbers in parentheses refer to references cited at the end of 
this report. 

of the cost of control of an endemic situation must 
be found. FMD has never been endemic in the 
United States, but it has been endemic for many 
years in countries in Europe. The various European 
governments have reacted in different ways to the 
presence and persistence of this disease, and we 
will use the experience of Western Europe as the 
most reliable basis for our estimates. The experi- 
ences from Western Europe cannot predict a situa- 
tion of FMD in the United States, but in the absence 
of data from our own country. Western Europe was 
chosen as a basis for estimates because it has a 
livestock structure most similar to our own and 
because the most reliable and most complete re- 
porting of FMD originates from Western Europe. 
There are obvious disparities in comparing these 
two land masses but we feel that the experience of 
Western Europe is the best available basis for the 
estimations of this study. The experience of Africa 
and South America in terms of endemic FMD were 
considered as a base for estimates, but the data from 
these sources is less complete and less reliable than 
that from Western Europe. In addition, the differ- 
ences in the structure of the livestock industries in 
these parts of the world are even more divergent 
from our own than those of Western Europe.« 

If FMD became endemic in the United States, 
various control strategies could be applied, depend- 
ing on the response from individual livestock owners 
and governmental intervention via various regula- 
tory authorities. The use of vaccine would be a 
defensible approach to control in this situation and 
an alternative to eradication which the United States 
would have to consider. The application of vaccine 
would also vary considerably from the individual 
livestock owner who imports or even smuggles 
vaccine into the country for use only in his herd to 
full governmental subsidy of a vaccination program. 
For the purpose of this study, we will deal only with 
the response of the Federal Government in terms 
of use of vaccine. Within that framework, we will 
estimate two types of vaccination programs: (1) a 
voluntary vaccination program and (2) a compulsory 
vaccination/slaughter/quarantine program. 



For the purpose of this study, a voluntary vac- 
cination program is described as a program in which 
vaccine is available to the livestock industry but 
with minimal governmental subsidy. The supply of 
vaccine is not large nor is the application large 
enough to represent vaccination of more than 25 per- 
cent of the susceptible species. Furthermore, it will 
be assumed that application of vaccine is sporadic 
and interrupted. Most vaccination would occur at 
the time of the major epidemics. In other words, the 
industry and the individual would respond as the 
threat becomes more visible. 

A compulsory vaccination/slaughter/quarantine 
program is defined as compulsory annual vaccina- 
tion of all cattle over 4 months of age and all swine, 
sheep, and goats over 3 months of age in the entire 
country. Slaughter of all infected animals and 
animals having direct contact with infected animals 
would also be a part of this strategy. Strict quaran- 
tine would be applied to any premise where infected 
animals were found or reasonably suspected and 
would extend, in the case of depopulated premises, 
through a cleaning/disinfecting phase, a quiescent 
phase, and finally a sentinel-animal phase before 
restocking was allowed. 

Historically, the occurrence of FMD in Western 
Europe (Great Britain excluded) followed an en- 
demic pattern for many years with important epi- 
demic peaks occurring periodically. Major epidemics 
were recorded in Europe in 1911, 1920, 1937-38, 
1951-52, and 1957-58, with a mean and median of 
11 years between the peaks. After each of the peaks, 
the number of outbreaks of the disease would de- 
cline but not totally disappear. 

A pure epidemic form of the disease is observed 
in Great Britain where occasional epidemic peaks 
occur with intervals during which the disease com- 
pletely disappears due to eradication measures taken 
by the Government. This is why Great Britain has 
been excluded from the discussion here. Even 
though this pure epidemic form of the disease could 
very well occur in the United States, this report will 
deal more with the assumption that the disease, 
having been introduced into the United States, has 
become so widespread that eradication has been 
given up as an immediate goal and it appears that 
essentially we will have to live with the disease. 

THE WESTERN EUROPEAN EXPERIENCE 

Most vaccination programs in Western Europe are 
structured around the vaccination of cattle only. 
This is due partly to the major role cattle play in 
the dissemination of the virus as well as the lack 
of a vaccine for swine that is as efficacious as the 
one used in cattle. The vaccine used in sheep is 

reasonably effective. A vaccination program aimed 
primarily at cattle is also probably a reflection of the 
relative value set on these animals by the individual 
farmers as well as by the industry as a whole. Even 
though the role of the other susceptible species is 
important in the epidemiology of FMD, the strategy 
of controlling the disease in the cattle population 
seems to be the most important step in control of the 
disease in the whole susceptible population. How- 
ever, it has been observed that as the disease be- 
comes more rare in cattle, the other susceptible 
species play an increasingly important role in the 
epidemiology of the disease as eradication becomes 
an attainable goal. 

Because European vaccination programs empha- 
size, at least initially, the importance of vaccinating 
cattle, the trends which will be quantified will be 
based on the changes in the epidemiology of FMD 
as vaccine is applied more consistently and exten- 
sively to cattle. However, in speculating on the 
effect of vaccination on an endemic situation in the 
United States, it will be assumed that the targets of 
a vaccination program will be cattle, swine, sheep, 
and goats. These assumptions and their possible 
consequences will be discussed in more detail later. 

The most readily available data on FMD in West- 
ern Europe deal with the number of outbreaks 
occurring each year. This is reported annually in the 
AnimaJ Health Yearbook, Food and Agriculture Or- 
ganization-World Health Organization-Office of In- 
ternational Epizootics (FAO-WHO-OIE), as well as 
other special or periodic publications. Display of 
these data can indicate some general trends in the 
epidemiology of the disease as observed in table 1-1. 
For instance, it can be observed that there was a 
marked decrease in the number of outbreaks in 
France between 1961 and 1962, in Italy between 
1966 and 1967, and in West Germany between 1967 
and 1968. 

In 1961, a new program for control of FMD was 
begun in France. This was a combination program 
of compulsory vaccination of all cattle over 6 months 
of age and slaughter of infected and direct-contact 
animals. In 1961,15 million animals were vaccinated, 
which represented approximately 81 percent of the 
cattle and 40 percent of the other FMD-susceptible 
domestic species. Since 1968, 18 million animals 
have been vaccinated representing 88 percent of 
the cattle and 45 percent of other susceptible 
species (9). 

Similar vaccination programs were begun in the 
Netherlands and Belgium with similar results, es- 
pecially in the Netherlands where a marked decrease 
in the number of outbreaks was seen even between 

10 



Table 1-1.   The number of outhreaksfof foot-and-mouth 
disease in selected \\/estern European countries, 1957-1974 

France 

99,424 

Belgium Netherlands Italy West Germany 

1957 328 40 7,394 3,383 

1958 14,127 568 11 6,453 1,265 

1959 6,188 57 6 11,764 118 

1960 7,382 180 3 11,547 1,395 

1961 2,626 121 179 18,272 6,989 

1962 199 6 5,470 5,237 11,359 

1963 28 67 2,103 5,114 7,700 

1964 56 2 146 12,372 5,342 

1965 10 112 1,426 5,842 15,944 

1966 59 323 2,194 1,559 4,689 

1967 17 22 196 210 3,350 

1968 40 1 0 22 68 

1969 35 3 0 132 12 

1970 4 2 0 147 8 

1971 8 1 21 14 12 

1972 2 0 7 9 21 

1972 1 0 0 13 7 

1974 89 60 3 5 14 

NOTE:—The figures above for 1957 through 1968 are compiled from 
Report of the Committee of Inquiry on Foot-and-Mouth Disease, 1968, 
Part One, Ministry of Agriculture, Fisheries and Food—London, April 
1969, p. 34. The figures for 1969 through 1974 are compiled from Animal 
Health Yearbook, FAO-WHO-OIE, for the respective years. 

the first and second half of 1962 (table 1-2]. How- 
ever, other factors came into play in both the 
Netherlands and Belgium in later years which cloud 
the epidemiological response of FMD to vaccination 
programs in these two countries. 

Table 1-2.    The number of outbreaks of foot-and-mouth 
disease in the Netherlands in 1962 

January-June 
July-December 

5,370 
100 

Source; Animal Health Yearbook—1962. FAO-WHO-OIE, p. 264. 

In December 1966, trivalent (OAC) vaccination 
of all cattle over 6 months of age became compul- 
sory in all States of West Germany, which explains 
the decrease in outbreaks in that country thereafter. 
These decreasing trends, as seen in table 1-1, in 
conjunction with the implementation of strong vac- 
cination programs substantiate the generally held 
opinion that a vaccine against FMD, when consist- 
ently and extensively applied, can significantly re- 
duce the number of outbreaks of the disease. 

However, this inverse relationship between the 
number of outbreaks of FMD and the extent of 
vaccination is not specific enough to be helpful 
when trying to quantitate trends. This is due pri- 
marily to the vagueness associated with the term 
"outbreak" as it is used in different countries. The 
following is a list of definitions for "outbreaks" as 
the word is used in various European  countries. 

This list of criteria or definitions is taken from the 
Animal Health Yearbook—1966 and 1967, FAO- 
WHO-OIE. 

An outbreak shall be defined as: 
—an infected holding (France) 
—a place where one or more affected or sus- 

pected animals are kept or have been kept 
within less than 12 days (Belgium) 

—an infected herd (Netherlands) 
—any place (farm, pasture, market, etc.) where 

occurrence of the disease has been evidenced 
(Italy) 

—official verification of occurrence on a farm— 
in a herd (West Germany) 

Although very similar in spirit, these criteria gen- 
erate some important questions. For instance, how 
small can a premise be and still be considered a 
farm, holding, pasture? How small can a group of 
animals be and still be considered a herd? What 
percentage of the herds at risk is represented by 
those herds affected (defined as an outbreak) each 
year? An equally important question is raised when 
the general term of outbreak is used: which of the 
susceptible species and how many of each are in- 
volved in a particular outbreak? It is encouraging to 
see that beginning in 1971, the Animal Health Year- 
hook, FAO-WHO-OIE, has been breaking down the 
number of outbreaks according to number of each 
species involved, but this is of no help in trying to 
quantitate trends before that time. 

This question of the definition of "outbreak" prob- 
ably presents no problem to the veterinary diagnosti- 
cian as he works in his own country because these 
terms have more concrete meaning to those particu- 
lar persons. But if the number of outbreaks are to be 
used as a basic unit of measure—and at present it is 
the only unit of measure readily available—we must 
recognize its limitations and specify what it repre- 
sents as closely as possible. This becomes very im- 
portant in this report because the basic information 
given in the reported numbers of outbreaks will be 
used to quantitate epidemiological trends so that a 
reasonable basis can be established for the compari- 
son of the effect of different vaccination programs 
on endemic FMD. 

The experience of West Germany will be used 
specifically because it is here that we find the most 
complete data.^ The last 20 years in West Germany 
can be divided into two periods based on the type of 
vaccination program in effect and consequently the 

3 The most detailed economic study of FMD in West Germany was that 
done hy Divo Inmar Incorporated, Frankfurt/Main (Ref. 6) for the Federal 
Minister for Nutrition, Agriculture and Forestry of the Federal Republic 
of Germany, 1974, the major conclusions of which are reported in appen- 
dix B. A translated copy of the complete report is available in the data 
bank of the Office of Emergency Programs, APHIS, USDA, Hyattsville, 
MD 20782. 
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extent of FMD occurring in West Germany. The first 
period includes those years up to 1967, during 
which, on a national basis, the vaccine was applied 
inconsistently and not extensively throughout the 
country. It is true that during this period some States 
within the country had compulsory vaccination, but 
this was not the general rule throughout the country 
until 1967 when compulsory vaccination became 
effective nationwide (the program officially became 
effective in December 1966). 

The second period runs from 1967 through 1974. 
This is the period when the epidemiology of FMD 
was under maximum inñuence of a vaccination pro- 
gram. This is the time when the annual vaccination 
of all cattle over 6 months of age became compul- 
sory. In other words. West Germany from 1961 
through 1966 will serve as the basis for estimates of 
the effect of a voluntary vaccination program on 
endemic FMD; and West Germany from 1967 
through 1974 will be the basis of estimates of the 
effect of a compulsory vaccination/slaughter/quar- 
antine program on endemic FMD. 

THE WEST GERMAN EXPERIENCE 
The first step in looking at the experience of West 

Germany is to try to convert the descriptive epi- 
demiological data (number of outbreaks per year) to 
an analytical tool like a rate. Recalling the West 
German criteria for an outbreak—official verification 
of occurrence on a farm (in a herd)—it would be 
helpful to establish the following rate: 

Number of farms (herds) affected by FMD 

Number of farms (herds) at risk—those farms 
or herds with cattle, swine, sheep, goats 

Once this rate is estimated as closely as possible, 
the two periods can be compared on a quantitative 
basis and the trends can be used as a basis for the 
theoretical situation in the United States. 

First, it will be assumed that the number of out- 
breaks equals the number of farms (herds) affected 
by FMD in West Germany during any particular 
year. In order to find the denominator, figures ex- 
tracted from the Statistical Yearbook for Nutrition, 
Agriculture and Forestry of the Federal Republic of 
Germany—1968 and 1975 (see appendix A, tables 
l-A-2 and l-A-3) will be used. With these estimates 
of the number of farms (herds) at risk, the percent- 
age of herds affected each year can be calculated 
for each of the two periods—1961-66 and 1967-74 
(tables 1-3 and 1-4). 

In the years 1969 through 1974, the number of 
outbreaks was so small (see table 1-1) compared to 
the populations at risk (see appendix A, table l-A-3) 
that only an average was computed for the percent 
of herds affected for those 6 years. 

CONCLUSION 

In short, under a voluntary vaccination program 
against FMD in West Germany (1961-1966), a min- 
imum annual average of 0.33 percent of the suscep- 
tible herds were affected by FMD (table 1-3), and 
under a compulsory program, decreases in the num- 
ber of outbreaks occurred during the first 2 years 
until an average of 0.0007 percent of herds were 
being affected annually thereafter (table 1-4). 

An important element in the epidemiology of FMD 
remains to be dealt with, and that is the manifesta- 
tion of epidemic peaks in an endemic situation. As 

TABLE 1-3.    Foot-and-mouth disease in West Germany, 
1961-1966 

Farms (herds) Percent of 
Year Outbreaks ^ at risk 2 herds affected 

1961 6,989 2,900,250 0.24 

1962 11,359 2,775,000 0.41 

1963 7,700 2,646,250 0.29 

1964 5,342 2,573,500 0.21 
1965 15,944 2,419,500 0.66 

1966 4,689 2,316,500 0.20 
Total 52,023 15,679,500    Average 0.33 

^ Report of the Committee of Inquiry on Foot-and-Mouth Disease—1968, 
Part One. M.A.F.F., April 1969, p. 34. "Outbreak" = official verification of 
the occurrence of FMD on a farm (in a herd). 
2 statistical Yearbook for Nutrition, Agriculture and Forestry of the Fed- 
eral Republic of Germany—1968, p. 104 (translation;. See appendix A. 

TABLE 1-4.    Foot-and-mouth disease in West Germany, 
1967-1974 

Year Outbreaks ^ 
Farms (herds) 

at risk 2 
Percent of 

herds affected 

67 3,350 2,270,500 0.15 
68 68 2,167,250 0.003 
69-74 
(six year 

total) 

74 10,439,550 0.0007 
(annual 
average) 

1 Animal Health Yearbook, 1969-1974, FAO-WHO-OIE. "Outbreak" = oß- 
cial verification of the occurrence of FMD on a farm (in a herd). 
2 Statistical Yearbook for Nutrition, Agriculture and Forestry of the Fed- 
eral Republic of Germany—1968, p. 104 (translation}.   See appendix A. 

can be seen in table 1-1, a compulsory vaccination/ 
slaughter/quarantine program can eliminate major 
epidemic peaks. For example, no major epidemic 
has occurred in France since its compulsory program 
began in 1961. However, such is not the case with a 
voluntary vaccination program. With the relatively 
low percentage of susceptible herds vaccinated un- 
der a voluntary program (< 25 percent), we would 
expect epidemic peaks to continue periodically. The 
French experience prior to implementation of their 
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compulsory vaccination program indicates that ma- 
jor epidemics can affect 15 to 20 percent of the sus- 
ceptible cattle (9). This should be considered as a 
minimum level if the disease were introduced into 
the United States for reasons which v^ill be dis- 
cussed later. 

FOOT-AND-MOUTH DISEASE IN THE 
UNITED STATES 

In our study of the theoretical effect of two vac- 
cination programs on endemic FMD in the United 
States, we will use a 15-year period as a time frame 
for our estimates. This 15-year period will begin 
with that point at which the decision is made to 
allow the disease to become endemic. In other 
words, the hypothetical situation is that eradication 
attempts have failed and control has become the 
major objective. 

In the first year of this 15-year period, FMD would 
spread rapidly through what would be a totally 
susceptible U.S. livestock population. Because of the 
numerous unpredictable and unquantifiable var- 
iables involved in a situation like this, such as loca- 
tion of the foci, movement of animals, virus subtype 
involved, and the like, no factual basis exists for 
estimation of this first year. In the absence of a 
factual base, expert opinion must serve as the basis 
of our estimates. 

In discussions with persons who have had first- 
hand knowledge of major FMD outbreaks in other 
parts of the world, and who also have intimate 
knowledge of the structure and characteristics of 
the livestock industry in the United States, estimates 
ranged from 10 to 95 percent. It was decided that we 
would assume 30 to 70 percent of the livestock of 
the United States could be affected by FMD in a 
1-year period under conditions conducive to spread 
of the virus, and assuming one of the more infectious 
subtypes was involved. This estimate has been 
generally accepted as reasonable. 

The experiences of Western Europe support these 
higher estimates to some extent. Epidemic peaks 
involving 15 to 20 percent of a population have oc- 
curred in France. These and other quantified trends 
are probably underestimations even for the Western 
European countries for reasons that will be dis- 
cussed later. 

Some of the factors which make the United States 
unique in comparison to Europe and which would 
support an estimate of 70 percent of our livestock 
affected initially by FMD are: 

• The highly infectious nature of certain FMD 
virus subtypes, one of which could theoretically be 
introduced into the United States. 

• The highly susceptible nature of our livestock 
population. It must be remembered that the estimates 
from Western Europe are coming from endemic 
countries where at least some percentage of the live- 
stock population must be protected due to recovery 
from natural infection or through vaccination even 
though sporadic. 

• The large number of animals moved interstate 
and the even larger number of animals moved intra- 
state within the United States. The 1914-15 FMD 
outbreak in the United States, involving 172,222 
animals, was partially disseminated through the 
Chicago stockyards. The ''traffic" through these 
large markets is considerably less today than it was 
in the earlier part of this century, but if the virus 
were initially disseminated via the marketing system 
of one of these markets, the intrastate movement of 
animals that followed could conceivably spread the 
virus to vast numbers of animals. 

• The greatly increased size of herds of animals in 
the United States. In other words, an "infected herd" 
in the United States could very possibly mean a 
much larger number of animals affected than would 
be involved in an "infected herd" in Europe. 

• The greater density of animals in certain areas 
of the United States as compared to Europe. When 
density of animals per square mile is computed for 
Europe (using livestock populations divided by the 
square miles in the country) and for the United 
States, the density is higher in Europe. However, 
there are areas in the United States, where the 
density of domestic livestock is unsurpassed any- 
where else in the world. 

In conclusion, an estimate as high as 70 percent 
during the initial year is reasonable based on expert 
opinion and what limited data is available. This is 
not to say that this is what would happen if FMD 
were introduced into the United States and stamp- 
out efforts failed, but it could happen. 

During the remaining 14 years under a voluntary 
vaccination program, we could expect a minimum 
of 3.14 percent of the herds of susceptible species to 
be affected annually based on West German ex- 
perience. This figure is computed by taking the 
average of 12 endemic years where an average of 
0.33 percent of the herds are affected annually as 
well as 2 years representing epidemic peaks where 
20 percent of the herds are affected, or: 

12(0.33) + 2(20) 

14 
= 3.14% 

As stated earlier, major epidemics swept Western 
Europe, on an average, every 11 years. However, the 
shortest period between two peaks in recent history 
was 5 years  (1952-1957).  In a 15-year period, we 
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would expect at least one and possibly two major 
epidemic peaks if we were operating on a voluntary 
vaccination basis. We will base our estimates on the 
assumption of two epidemic peaks during this 15- 
year period in addition to the explosive first-year 
period because of the possibility of two epidemic 
peaks occurring within a shorter period of time than 
the average would indicate. 

The same 14-year period under a compulsory vac- 
cination program could be expected to have a min- 
imal annual average of 0.012 percent of the herds 
affected considering the first of the 14 years at 0.15 
percent, the next year at 0.003 percent, and the 
remaining 12 years at 0.0007 percent, or: 

0.15 + 0.003 + 12(0.0007) 

14 
0.012% 

However, strict extrapolation of these quantitated 
trends from West Germany to the United States 
would be misleading. These figures represent the 
minimum number of herds affected in West Ger- 
many for the following reasons. First, the denomina- 
tor used in the formula for calculating the percentage 
of herds affected (appendix A) was probably larger 
than actually existed, thus making our calculations 
an underestimation. Some premises were probably 
counted twice because some most certainly main- 
tained more than one of the susceptible species 
(cattle, swine, and sheep). 

Second, the assumption that all premises with 
cattle, swine, and sheep were susceptible is mislead- 
ing since in fact some vaccination was being carried 
out and thus some herds at least were relatively pro- 
tected. However, it is impossible with existing data 
to determine accurately what percentage of the 
existing herds throughout the Nation were not at risk 
during this period due to previous vaccination. 

Also there is reason to believe that the numerator 
may be an underestimate. Even very small premises 
were included in the West German tabulation of 
premises with cattle, swine, and sheep. A classifica- 
tion of "under 0.5 hectares" (1 hectare=2.47 acres) 
is used in German statistical reporting. It is doubtful 
that occurrence of FMD on one of these smallest 
premises would be classed as an "outbreak" under 
the official definition. Several of the adjacent prom- 
ises would probably be grouped together if FMD 
were found on one. This would tend to make the 
numerator smaller if two or more of these small 
premises were together designated as an outbreak. 

Also, some premises could have been affected 
more than once and thus recorded more than once as 
an outbreak. This also would cause our percentages 
of herds affected to be an overestimation. 

In addition, the livestock industry of the United 
States has, of course, some basic differences from 
that in West Germany. One of the most important is 
probably the great amount of movement that is 
characteristic of the U.S. livestock industry. This 
would allow for wider and more rapid dissemination 
of the virus than might be expected to occur in West 
Germany. 

As stated previously, the vaccination program in 
West Germany requires compulsory annual vaccina- 
tion of cattle only. However it can be reasonably 
assumed that vaccination of swine and sheep also 
occurred (perhaps similar to the French situation). 
However, the trends under a compulsory vaccination 
program in West Germany were probably affected 
most by the vaccination of cattle. In the United 
States, we are assuming compulsory vaccination of 
cattle, swine, sheep, and goats. A compulsory vac- 
cination/slaughter/quarantine program aimed at cat- 
tle in West Germany reduced the annual number of 
outbreaks of FMD by the amounts calculated earlier. 
If the theoretical compulsory vaccination program in 
the United States is aimed at cattle, swine, sheep, 
and goats, then we could expect the reduction in the 
annual number of outbreaks of FMD to be even 
greater than that quantitated for the German trend, 
considering at least some protection in these other 
species due to vaccination. 

Thus, the dynamics of the epidemiology of FMD 
in the four major species and the effect vaccination 
has on the epidemiology of FMD in these species are 
too intricate and complex to be reasonably quanti- 
fied for the purpose of this study. No attempt will 
be made to quantify the difference that would prob- 
ably exist in one compulsory vaccination program 
aimed strictly at cattle (West Germany) and a similar 
program aimed at cattle, swine, sheep, and goats (the 
hypothesized program in the United States). 

However, in general, all indications are that the 
occurrence of endemic FMD under the two types of 
vaccination programs in the United States would be 
greater than that calculated for West Germany, 
which should be considered an underestimation 
even for West Germany. Therefore, we will arbi- 
trarily assume that the theoretical percentage of 
herds expected to be affected by FMD annually in 
the United States will be double that calculated for 
West Germany. During a 14-year period under a 
voluntary vaccination program, it will be assumed 
that, on an average, 6.28 percent of the herds in the 
United States will be affected by FMD annually. 
During the same 14-year period, if a compulsory 
vaccination/slaughter/quarantine program were im- 
posed, on an average, 0.023 percent of Xhe herds of 
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cattle, swine, and sheep in the United States will be 
affected by FMD annually. 

SUMMARY 

• In. summary, if FMD were introduced into the 
United States and a stamp-out strategy failed within 
a reasonable time, we could expect an initial explo- 
sive period unquantifiable except by expert opinion. 
This period will be assumed to last for approxi- 
mately 1 year and according to expert opinion, could 
affect 30 to 70 percent of the livestock in the United 
States within that period. The next 14 years could 
follow one of two patterns based on the way vaccine 
is applied. Under a voluntary vaccination program, 
there would be a minimum of 0.66 percent of all 
herds affected each year. In addition, two major 
epidemic outbreaks, each lasting 1 year and each 
affecting 40 percent of the herds, could be expected 
to occur during that 14-year period. This would 
result in an annual average of 6.28 percent of the 
herds affected annually during the 14-year period. 

Under a compulsory vaccination/slaughter/quar- 
antine program, 0.3 percent of all herds would be 
expected to be affected by FMD during the year after 
the explosive period. This would drop to 0.006 per- 
cent at the end of the second year after the explosive 
period and finally level off at approximately 0.0014 
percent of herds affected 3 years after the explosive 
period. This would result in an annual average for 
the 14-year period of 0.023 percent. 

Figure 1-1 graphically illustrates these trends. 
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APPENDIX A: COMPUTATION OF THE NUMBER OF PREMISES (FARMS) WITH CATTLE, SWINE, 
AND SHEEP: THE NUMBER OF FARMS (HERDS) AT RISK TO FMD IN WEST GERMANY 

This appendix illustrates the method used to calculate the number of herds at risk to FMD in West 
Germany in order to determine the denominator of the basic formula: 

Number of herds affected annually by FMD 

Number of herds at risk annually 

It was assumed that the number of herds at risk would be equal to the number of herds of cattle, swine, 
sheep, and goats. The source for this information was the Statistical Yearbook for Nutrition, Agriculture and 
Forestry of the Federal Republic of Germany—1968 and 1975. Table 151 of the 1968 volume and table 146 
of the 1975 volume report the necessary information. These two tables are reproduced below. 

TABLE 1-A-l.   Illustration of West German livestock population data 

151. Zahl der Viehhalter 

1957/61,1961 bis 19671) 

1000 

Monat der        <^ 
Vichhalter                                Zählung     1957/61         1961            1962 1963 1964 1965 1966 1967 

Pferdehalter Dez.             492              417              377 334 284 240 203 175 

Rindviehhalter    Juni           1280           1222           1198 1148 1107 1068 1029 1002 
Dez.           1286            1219            1181 1135 1092 1052 1022 991 

Schweinehalter März         1 495           1 438           1 353 1 261 1 257 1184 1121 1 092 
Juni           1734            1628            1525 1453 1444 1309 1229 1229 
Sept.          1877            1758            1658 1583 1552 1426 1335 1326 
Dez.           1806            1665            1594 1522 1457 1349 1309 1273 

Schafhalter    Juni                74                58                54 52 48 43 42 44 
Dez.                71                 57                 52 48 45 42 43 44 

Hühnerhalter Dez.          2 980           2 619           2 458 2 304 2 165 1 981 1 905 1 772 

^] Dezember-Zählungen bis einschl. 1962/63, übrige Zählungen durchweg ohne Berlin. Quelle: Statistisches Bundesamt. 

Source: Statistical Yearbook for Nutrition, Agriculture and Forestry of the Federal Republic of Germany—1968, p. 104, (translation). 

146. Zahl der Viehhalter i) 

1000 

Monat der        <^ 
Vichhalter                           Zählung     1968/73       1967           1968           1969           1970           1971 1972 1973           1974 

Pferdehalter     Dez.            127            175            153            136            123            118 115 117            113 

Rindviehhalter        Juni             840          1002             960             927             863             808 758 721             684 
Dez.             824             991             955             905             843             786 745 711             678 

Schweinehalter     März 2)       904         1092         1073            985            919            882 802 763            736 
Juni             971          1229          1174          1063             986             928 863 810 
Sept.3)     1032          1326          1235          1132          1065             984 915 858             801 
Dez.            985          1273          1179          1086          1028             930 873 813             729 

Schafhalter     Juni              47              44              44              43              48              46 48 55              55 
Dez.               49               44               45               46               47               48 51 55               55 

Hühnerhalter     Dez.         1249         1772         1633         1451          1305         1161 1049 895            670 

1) Bis 1973 iVIärz-, Juni- and Septemberzählungen ohne Berlin.—») Ab 1974 ApriJzählung.—») Ab 1974 Augustzählung. 
Quelle: Statistisches Bundesamt, BiVfL (221). 

Source: Statistical Yearbook for Nutrition, Agriculture and Forestry*of the Federal Republic of Germany—1975, p. 107 (translation). 
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In translating the descriptive heading for these tables, certain interpretive assumptions had to be made. 
The title for tables 151 and 146 are both "Zahl der Viehhalter" v^hich literally translated means ''Number of 
Animal Holders." Under this general title in both tables are the various subtitles of "Pferdehalter"—horse 
holders, "Rindviehhalter"—cattle holders, "Schweinehalter"—swine holders, "Schafhalter"—sheep holders, 
and "Huhnerhalter"—chicken holders. These headings were interpreted to mean premises (farms) on which 
were found horses, cattle, swine, etc. As can be seen those premises on which goats are found were not 
recorded, so due to lack of data these animals must be omitted from our future calculations. However, even 
though goats can be important in the epidemiology of FMD, their omission from the calculations of this 
report will not significantly alter the conclusions thereof. 

Table l-A-2 and l-A-3 below represent a partial translation of tables 151 and 146. 

TABLE l-A-2.    Number of animal holders in West Germany, 1961-1966^ fin thousands) 

Animal Month of 
holders                        enumeration 1961 1962 1963 1964 1965 1966 

Cattle holders     June 1,222 1,198 1,148 1,107 1,068 1,029 
December 1,219 1,181 1,135 1,092 1,052 1,022 

Swine holders     March 1,438 1,353 1,261 1,257 1,184 1,121 
June 1,628 1,525 1,453 1,444 1,309 1,229 
September 1,758 1,658 1,583 1,552 1,426 1,335 
December 1,665 1,594 1,522 1,457 1,349 1,309 

Sheep holders     June 58                        54 52 48 43 42 
December 57                         52 48 45 42 43 

1 This table is a translation of part of table 151 published in the Statistical Yearbook for Nutrition, Agriculture and Forestry of the Federal Republic of 
Germany—1968, p. 104. 

TABLE l-A-3. Number of animal holders in West Germany, 1967-1974^ (in thousands) 

Animal Month of 
holders enumeration 1967 1968 1969 1970 1971 1972 1973 1974 

Cattle holders .. ..    June 1002 960 927 863 808 758 721 684 
December 991 955 905 843 786 745 711 678 

Swine holders .. ..    March 1092 1073 985 919 882 802 763 736 
June 1229 1174 1063 986 928 863 810 
September 1326 1235 1132 1065 984 915 858 801 
December 1273 1179 1086 1028 930 873 813 729 

Sheep holders .. ..   June 44 44 43 48 46 48 55 55 
December 44 45 46 47 48 51 55 55 

^ This table is a translation of part of table 146 published in the Statistical Yearbook for Nutrition, Agriculture and Forestry of the Federal Republic of 
Germany—1975, p. 107. 

Premises or farms with horses and chickens have been omitted because of the insignificant role these 
species play in the epidemiology bf FMD. Tables l-A-2 and l-A-3 divide the data into two groups—1961 
through 1966 and 1967 through 1974. This is done for convenience because these periods correspond with 
the periods of voluntary vaccination (1961-66) and compulsory vaccination/slaughter/quarantine (1967-74) 
as discussed in the main text of the report. 

Tables l-A-4 and l-A-5 represent a consolidation of the data of tables l-A-2 and l-A-3, respectively. 
These tables are also based on an arbitrary division into two periods—1961-66 and 1967-74. 
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TABLE l-A-4.    Number of premises [farms] with cattle, swine, and sheep in West Germany, 1967-1974 [in thousands) 

Premises 

with- 1961 1962 1963 1964 1965 1966 

Cattle 1        1220.5 1189.5 1141.5 1099.5 1060 1025.5 

Swine2     1622.25 1532.5 1454.75 1427.5 1317 1248.5 

Sheep2          57.5 53 59 46.6 42.5 42.5 

TOTAL of average     2900.25 2775 2646.25 2573.5 2419.5 2316.5 

^An average of the June and December enumerations. 
2 An average of the March, June, September, and December enumerations. 
Source: Statistical Yearbook for Nutrition, Agriculture and Forestry of the Federal Republic of Germany—1968, p. 104 (translation). 

TABLE l-A-5.    Number of premises [farms) with cattle, swine, and sheep in West Germany, 1967-1974 [in thousands) 

Premises 

with: 1967 1968 1969 1970 1971 1972 1973 1974 

Cattle'          996.5 957.5 916 853 797 751.5 716 681 

Swine 2         1230 1165.25 1066.5 999.5 931 863.25 811 755.3 

Sheep 1           44 44.5 44.5 47.5 47 49.5 55 55 

TOTAL of average..    2270.5 2167.25 2027 1900 1775 1664.25 1582 1491.3 

^An average of the June and December enumerations. 
^ An average of the March, June, September, and December enumerations. 
Source: Statistical Yearbook for Nutrition, Agriculture and Forestry of the Federal Republic of Germany—1968, p. 104 (translationJ. 

A problem of duplication results when a siiñple addition af the numbers of premises in the three 
categories above is used to represent the numb^er of farms or herds at risk. In other words, how many 
premises are counted twice or even three times because they harbor two or even three of the species in- 
volved. There is no way of knowing. However, this problem is taken into consideration in later assumptions 
of the report, namely the application of quantified trends from West Germany to the United States. 

In summary, the number of premises (farms) with cattle, swine, and sheep reported for any particular 
year will be used to represent the number of premises (farms) at risk of being affected by FMD for that same 
year in West Germany. These totals are illustrated in tables l-A-4 and l-A-5. 

APPENDIX B: UTILIZATION-EXPENSE-EXAMINATION OF COMPULSORY VACCINATION 
AGAINST FOOT-AND-MOUTH DISEASE^ 

This report is divided into four major parts as listed below: 
1. An examination of the cost of the compulsory vaccination program to combat FMD in West Germany. 
2. An examination of losses due to the disease. 
3. A cost-benefit analysis. 
4. An evaluation of the future regulation of vaccination for FMD. 

Three time frames were examined as listed below: 
1. 1960-1966, the period before compulsory vaccination. 
2. 1968-1973» the period after compulsory vaccination. 
3. 1974-1983, a period used to project estimates of the cost-benefit of the program in the future. 

^This is a brief summary of a report prepared for the Federal Minister of Nutrition, Agriculture and Forestry, Federal Republic of Germany, Nov. 
1074, by Divo Inmar Incorporated, Frankfurt//Main, West Germany. Translation of the original document was by Ms. Barbara Madvig of Rochester, 
Minn. 
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The report shows that the cost of the vaccine stabilized and steadily decreased with the advent of 
compulsory vaccination. The cost of vaccination (vaccination fee) increased after vaccination became 
compulsory. 

In reference to vaccination losses, compensation was based on market value and represented an in- 
creased cost due to compulsory vaccination. These three major areas of cost (vaccine costs, vaccination fees, 
losses due to vaccination) were used as the cost portion of the cost-benefit analysis. 

Losses due to the disease were estimated and used as the basis for the benefit portion of the cost-benefit 
analysis. The benefit of vaccination would be the avoidance of these losses due to the disease. 

Losses due to the disease were not just confined to estimates of the physical losses due to FMD. Other 
areas included in this estimate included the cost of disinfection measures; losses in income in additional or 
supplementary businesses; diagnostic costs; and losses to the farmer, to the dairy industry, to the meat trade, 
to the cattle trade, and to export trade. 

Based on the cost and benefit estimates, the report shows a benefit gained by the farmers during the 
period 1968-73 due to compulsory vaccination. Retention of the program in the period 1974-83 would also 
result in a benefit to the farmers. According to the report, the vaccination program was also of benefit to the 
State governments in charge of administering the program and would continue to be if retained during the 
period 1974-83. 

The cost-benefit analysis thus showed how advantageous it would be to continue the compulsory 
prophylactic vaccination program in West Germany. 
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TECHNICAL REPORT NO. 2 

ESTIMATION OF THE PHYSICAL LOSS IN ANIMALS 
INFECTED WITH FOOT-AND-MOUTH DISEASE 

E. Hunt McCauley ^ 

INTRODUCTION 

Persons studying or making decisions about the 
economic consequences of animal disease or control 
procedures soon face the problem of estimating the 
impact of the disease on animal productivity or 
physical output. To do this, we need to estimate how 
many animals will be infected and then estimate the 
effect this infection has on production. Epidemio- 
logie estimates provide us with the numbers of 
infected animals. The next step in determining the 
impact on the infected animals' productivity is basi- 
cally a function of the tissue site of infection and the 
result this tissue infection has on animal perform- 
ance—for example, mortality, growth, ambulation, 
abortion, reproductive inefficiency, long-term disa- 
bility, milk production, and caring for the young. 
Problems arise in making such productivity esti- 
mates from paucity of data, applying available data 
from one environment to another, variation in im- 
pact from one infected individual to another, and 
the variation in animal management from one region 
to another or even from one premise to another. 
Because of the complexity of the variables involved, 
the estimation of the impact of disease on animal 
productivity becomes a matter of extrapolation of 
data from various sources to the situation at hand. 
Such extrapolation is based principally on experi- 
enced judgment. 

This report describes the assumptions and sup- 
porting evidence for the assumption used to estimate 
the impact that enzootic foot-and-mouth disease 
(FMD) would have on the productivity of infected 
animals in the United States. These animal produc- 
tivity estimates were multiplied by the epizootiologic 
estimates of the number of animals infected in order 
to determine the total estimated product loss, which 
was then translated to a supply decrease which 
forces consumers to pay higher prices in the short 
run. 

The complexities of the estimation of the long- 
term physical and economic dimensions of these 
losses are beyond the scope of this Technical Report. 

^ Assistant   Professor,   College   of   Veterinary   Medicine,   University   of 
Minnesota. St. Paul, MN 55108. 

Factors such as producer resource use, adjustment 
to price increases, the effect of the increased demand 
for other products, changes in production practices, 
changes in animals' immune status, and society re- 
sponse enler ^nto these estimations. 

This report, then, starts from the point of an ani- 
mal Of group of animalsjbeing infected with FMD 
ançl attempts to answer the question ''What is the 
physical impact of FMD infection on production?" 
or, more specifically, "What percentage of infected 
animals die, are permanently disabled, abort, don't 
breed, lose milk-production ability, and/or are re- 
tarded in growth?" The physical loss assumptions 
used in the estimation of the economic impact of 
FMD are shown in appendix A. These are estimated 
averages which are supported in some cases by 
relatively good evidence and in others by only weak 
evidence and/or strong opinion. 

The degree of the severity of the impact on animal 
productivity will vary from animal to animal with 
the exceptions of death and abortion, which are 
absolute biologic facts. For example, in the case of 
growth interruption, a calf may be sick only 4 days 
and not have any permanent damage, while one of 
its herdmates may have severe lesions which cause 
it to be retarded and never compensate in growth. 
Likewise, there is variation in the effect of disease 
on the output of other continuously yielded animal 
products such as milk, offspring, and wool. To try to 
represent this variation in the cases of milk loss and 
loss from growth interruption, some arbitrary frac- 
tionations of the population based on degree of insult 
and animal response have been made. 

MILK LOSS 

For milk loss, two variables as determining the 
fractionation of the population for production impact 
estimates were considered: the stage of lactation and 
the degree of insult to the teat and gland. This 
fractionation is shown in appendix A. There will be 
damage to milk cows ranging from those which 
simply become sick and recover to those which are 
sick and also have severe mastitis resulting from 
teat vesicles and possibly damage to secretory epi- 
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thelium of the mammary gland and, therefore, have 
to be culled. In between these extremes will be milk 
cows which are sick and don't produce milk for 
varying periods of time because of vesicles and 
relatively minor mastitis with no permanent dam- 
age. The degree of milk loss in these cows will also 
vary with the stage of lactation. If the infection 
occurs in early lactation, the cows' milk-production 
abihty will eventually return or "catch-up" to the 
expected lactation curve following the period of 
decreased production caused by the infection. In 
contrast, if it occurs in late lactation, the milk pro- 
duction will be lost or decreased to a level of unac- 
ceptable return. Such a decrease means that the cow 
will be ''dried off" for the rest of that lactation but 
will be kept for the next lactation, which implies 
that the damage to the gland is, or is perceived to be, 
inconsequential to production ability in succeeding 
lactations. 

LOSS FROM GROWTH INTERRUPTION 

Estimating the loss from growth interruption due 
to FMD infection poses a similar conceptual problem 
as the loss in milk production due to mastitis—that 
is, when do sick animals return to their normal 
growth production curve? In the case of interrup- 
tion of growth by disease, another question comes 
up: Will the animal whose growth is interrupted 
compensate in time to be marketed with its un- 
infected herdmates and will it eat the same amount 
of feed as its uninfected herdmates in the growing 
process? 

This question is examined in detail in the Tech- 
nical Report "Impact of Disease and Feed Restriction 
on Animal Growth Performance." The evidence pre- 
sented in that report clearly indicates that compen- 
satory gain occurs in growing animals following 
growth interruption either due to experimental feed 
restriction or anorexia due to disease in which there 
is no permanent tissue damage. No evidence was 
found for the comparison of the growth performance 
of FMD-infected animals as compared to non-FMD- 
infected animals managed under similar conditions. 

In general, experience and this evidence tells us that 
young animals [400 to 600 pounds) which suffer 
short (1-2 weeks) interruptions of growth without 
permanent damage will reach market weight at about 
the same time as control or uninterrupted animals 
and will consume about the same amount of feed. 
The upper limits of age of onset and duration of 
growth interruption which will result in complete 
compensation and no delay in time to market weight 
cannot be accurately judged from this evidence. 

In the case of FMD infection, sickness in growing 
animals will vary from simple depression and fever 
to conditions of long recovery to normal appetence 
due to sickness and severe tongue and feet lesions. 
As in the case of milk loss, the infected animals 
were arbitrarily divided into groups in terms of 
severity of disease. In one group, FMD infection is 
postulated to cause short interruption, and these 
animals recover and are not delayed in achieving 
market weight, nor do they consume more feed than 
they would have without the growth interruption. 
The animals in the other group are postulated to 
have been more severely affected by FMD and to 
have required more time and more feed to reach 
market weight than they would have without the 
long growth interruption from FMD infection. A 
basic consideration or assumption here is that all 
the animals are offered sufficient quality and quan- 
tity of feed to allow them to express compensatory 
response following the growth interruption. Although 
this is true for many animal-production enterprises, in 
the case of strict diets of poor-to-medium pasture, 
this assumption would not hold. 

The assumptions used for the estimation of all 
types of physical losses due to FMD infection are 
shown in appendix A. The effort has been to esti- 
mate quantities and express them simply enough to 
use in the overall economic analysis, and yet have 
them reflect the actual physical situation as best it 
can be determined based on the extrapolation of 
productivity impact information about FMD as 
abstracted in appendix B and prudent application of 
the points in the foregoing discussion. 
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APPENDIX A: ASSUMPTIONS FOR PHYSICAL LOSSES IN ANIMALS INFECTED WITH 
FOOT-AND-MOUTH DISEASE^ 

Infected Cattle 
Six percent of the infected cattle below 12 months 

of age and 1 percent above 12 months of age die. 
One percent of infected cows die because of severe 
lameness preventing successful grazing. Permanent 
disability from myocardial damage, lameness, and 
chronic inflammatory change causes total loss of 
7 percent of infected cattle below 12 months of age 
and of 5 percent above 12 months of age. 

The animals in the above categories are taken 
out of the population as complete losses. The follow- 
ing production losses are calculated for the remain- 
ing infected cattle population: 

1. Reproduction Losses f9,25,28J^Because of the 
difference in management of beef cows and dairy 
cows, they will be treated separately in estimating 
the losses due to abortion and delayed breeding. In 
general, we assume that 10 percent of the infected 
bred females abort due to severe sickness and that 
conception in the open, infected cows is delayed 2 
months due to interruption of the estrus cycling and 
sterility in bulls (which applies mainly to beef bulls 
since most dairy cows are artificially bred). 

Beef Cows—We assume that 10 percent of all beef 
cows abort and that this is essentially a calf death 
loss for that year because of the seasonal breeding 
patterns. Delay in breeding is assumed not to be a 
factor because beef cows are for the most part all 
pregnant for three-fourths of the year, and therefore 
FMD would most likely infect them during preg- 
nancy. 

Dairy Cows—Because of the continuous breeding 
patterns in dairy cow management, about three- 
fourths of the cows are pregnant and one-fourth are 
open at any given time. Therefore, we assume that 
10 percent of the pregnant dairy cows (7.5 percent) 
abort and that all of the open cows (25 percent) 
suffer a 2-month delay in breeding. The cows that 
abort are assumed to be midway in gestation (4.5- 
month fetus) and require 2 months in which to be- 
come pregnant again. This loss is calculated as a 
6.5/12 (54.2 percent) annual calf loss. The calf loss 
from delayed breeding is calculated as a 2/12 (16.7 
percent) annual calf loss. 

Milk Loss Due to Reproduction Problems—Abor- 
tions and delayed breeding cause a loss in milk pro- 
duction due to a delay in the start of the next 
lactation. The milk loss from the abortion is esti- 

1 Numbers after the headings refer to the reports abstracted in appendix B 
which provide background for the assumptions. 

mated to be 1,000 pounds per aborting cow. This 
is based on the assumption that the producer would 
cull these cows and have to replace them with cows' 
of lesser production ability. In actuality, this would 
probably occur because producer was not able to 
cull cows as vigorously for production, and there- 
fore would have to retain cows he would normally 
have culled. The 1,000-pound loss reflects this dif- 
ference in production ability. 

No milk loss is estimated for the cows which 
are delayed in breeding as a result of FMD infection. 
Most of these cows would simply be milked for 30 
to 40 days beyond the normal lactation period. 

2. MiJJi Losses f3,4,9,24,28j—(calculated as gross 
output losses). One-third of milk cows are acutely 
sick and recover fully. No mastitis is present. Ten 
days' milk production is lost. 

One-sixth of the cows in the first half of the lacta- 
tion period lose 14 days' production due to severe 
vesicular lesions. Sixty percent of the total milk 
production occurs in this first half of the lactation. 

One-sixth of the cows in the second half of lacta- 
tion lose the rest of the lactation due to severe 
vesicular lesions. 

One-sixth of the cows lose all of their lactation 
period due to mastitis following vesicular lesions. 

One-sixth of the cows are culled because; the mas- 
titis is so severe that permanent damage to ¡the gland 
results. 

3. Growth Loss—Fifty percent of growing cattle 
are off feed for 14 days and fully compensate in 
efficiency. They finish weighing the same as unin- 
fected cattle at the same time with the sanie amount 
of feed. 

Fifty percent of growing cattle are sick ¡and don't 
fully recover their normal appetite and/or ^re unable 
to eat normally because of severe mouth and tongue 
lesions for 1 month. They finish 2 months later than 
uninfected cattle. The loss is 2 months' nonfeed cost 
and 1 month's feed cost due to partial feed efficiency 
compensation. 

Infected Swine (3,12,13,14,15,19,20,21,27) 
Eighty percent of the pigs weighing less than 20 

pounds die. Most of these are suckling jbigs which 
die because of malnutrition due to teat lesions on the 
sow and lesions in the piglets' mouths. T^o percent 
of older pigs die or are permanently damaged so that 
they are a total loss. The following production losses 
are calculated for the remaining infecjted swine 
population: 
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1. Reproduction Loss—Delayed breeding results 
in 1 month's delayed parturition. One-fourth of the 
breeding age females are considered open at any 
given time. Five percent of pregnant females abort. 

2. Growth Loss—Fifty percent of growing pigs are 
off feed for 7 days, then fully recover and fulíy com- 
pensate so that they reach market weight at the same 
time as uninfected pigs having consumed the same 
amount of feed. 

The other 50 percent of growing pigs are sick and 
their appetite is reduced or eating is hindered for 2 
weeks. They finish 1 month later than uninfected 
pigs and require 2 weeks more feed due to partial 
feed efficiency compensation. . 

Infected Sheep and Goats [5,8,14,17] 
Sixty percent of the lambs and kids less than 3 

months of age die as a result of mouth, teat, and foot 
lesions. Two percent of range ewes die because of 
severe lameness leading to inability to successfully 
graze. The following production losses are calcu- 
lated for the remaining infected sheep and goat 
population: 

1. Reproduction Loss—Delayed breeding would 
undoubtedly occur, but because of the seasonal 
breeding of sheep, this potential loss is not estimated. 

Abortion in sheep caused by FMD is not docu- 
mented, although it would probably occur in some 
pregnant females that become sick. Because of lack 
of reports and seasonal breeding patterns, no loss 
is estimated. 

2. Growth Loss—Fifty percent of feedlot lambs 
are off feed for 7 days, then recover and fully com- 
pensate so that they reach market weight at the 
same time as uninfected lambs having consumed the 
same amount of feed. 

The other 50 percent of feedlot lambs are sick and 
don't eat normally for 2 weeks and therefore are 
marketed 1 month later than uninfected lambs hav- 
ing consumed 2 weeks' more feed due to partial feed 
efficiency compensation. 

3. Wool Loss—In wool-bearing sheep which are 
severely sick and have hyperthermia for 3-4 days 
the wool will break and most of it will be lost. We 
estimate that 5 percent of wool-bearing sheep lose 
their annual wool production. 

Infected Wildlife 
It is assumed that 10 percent of cloven-hoofed 

wildlife (deer, moose, elk) die because of FMD in- 
fection either because of the illness itself or the 
resulting inability to graze or avoid predators. 

APPENDIX B: ABSTRACTS OF LITERATURE ON PRODUCTION LOSSES DUE TO 
FOOT-AND-MOUTH DISEASE INFECTION 

Reports which adequately describe the physical losses which FMD causes in a totally susceptible animal 
population such as we have in the United States are virtually impossible to find. Even reports of physical 
losses in countries where FMD is already endemic are scarce and existing published material is generally 
incomplete. 

The assumptions for the physical losses used to estimate the economic impact of FMD In the United 
States were based on extrapolation of reported losses in other countries and inferences from knowledge 
about the tissue damage caused by the FMD virus. This appendix is a collection of the abstracts prepared 
from available literature on this subject. 

(1) ARS Special Report. Questions and Answers on FMD. ARS 22-8 (1956), p. 8. 
Recovered animals seldom regain production efficiency. In range areas, lameness prevents animals from 
grazing. It has been estimated that if the disease ever becomes firmly established in the United States, 
it would cost up to one-fourth of its production of meat and other animal products. 

(2) Arevalo, CM. Possible Impact of FMD on the Economy of Central American Countries and Panama. 
Unpublished report in Spanish [n.d.] 
This is a prospective report on the impact of an FMD epidemic that uses the following physical losses 
as bases for estimation: 
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Inadequately "Turned Loose" 
itroUed Epidemic Epidemic 

30% 40% 
2-3% 6% 
70 lbs. 90 lbs. 
50 liters 70 liters 

5% 5% 
6-24% 12% 

Morbidity   
Bovine Mortality^  
Weight Loss (Bovine)  
Milk Loss  
Milking Sows with Mastitis  
Swine Mortality  

1 Includes death and permanent complications. 

Using these losses and the population figures for Central America and Panama, the total loss estimate 
from all sources was $54,985,571. The author does not estimate secondary losses or deal with changes in 
infection rates in subsequent years. 

(3) Bedenershvili, G.C. Foot-and-Mouth Disease and the Fight Against It. (Min. of Agr. Georgia USSR.) 
Tiflis, 1950. (translation) 
Without citing data, the authors say that on the average, milk production decreases from 10 liters to 2 

liters per day and the problem lasts for 12 days and that it takes an additional 13 days to recuperate. Deaths 
in piglets reach 60-80 percent. They also mention loss of breeding ability in bulls, reduction in gain, and 
inability to function for draught as further losses. 

They describe a "malignant FMD" in which animals appear to be recovering but suddenly deteriorate. 
They shake, grit their teeth, breathe heavily, and then die. They say that in Russia in the 1915 epidemic, 50 
percent death loss was observed in cattle because of this malignant FMD. 

(4) Bulman, G.M., and Terrazas, L Studies on the Effect of Foot-and-Mouth Disease on Milk Production on a 
Model Farm in Cochabamba, Bolivia. Rev. Med. Vet. 57 (1): 3-7, 1976 (In Spanish). 
Dairy cattle on a model farm in Cochabamba, Bolivia, had been vaccinated regularly every 4 months 

against foot-and-mouth disease. In January 1975, the first case of foot-and-mouth disease since 1968 was 
recorded on the farm following rabies vaccination of the cattle. The disease spread during a 3-week period. 
Some 73 percent of cows in milk and 30 percent of dry cows became infected. Calves and bulls which were 
kept apart from the cows did not succumb to infection. Two cows died during the outbreak and four others 
developed mastitis. Average milk production per cow fell from 279 kilograms (Kg) in January 1975 to 200 Kg 
in the month following the outbreak. Milk yield returned to its original level some 3 months after the disease 
was first recorded. In monetary terms, this represented a loss in sales value of the milk of about 15 percent. 

(5) Délier, R.W., and Hyde, J.L. Response of Sheep to Experimental Infection of FMD Virus. AJVR. 1964, 
(25), 469-473. 
Ewes infected with FMD showed fever, lassitude, and vesicular lesions. Lameness was severe in some 

animals. One lamb stopped nursing for 2-3 days and took 7 days to completely recover without ever showing 
lesions. 
(6) Fahrang—Far, M. Situation of FMD in Iran During the Past Ten Years. Bui. Off. Int. Epiz.. 1972 [77], 

581-586. 
Infections were due to A, A22, and O types of FMD virus. This report describes death losses as being 

below 5 percent for mature animals. Losses from weakness, milk loss, abortions, and death of newborn 
animals are of great importance. Foreign breeds of animals have higher losses than do local breeds. 

(7) Fontaine, J. FMD Epizootiology: The Influence of Vaccination on the Evolution of FMD in France. Paper 
presented at 50th anniversary of Pirbright in September, 1974. 
Estimates that 15-20 percent of cattle became infected in course of epizootic peaks before their vaccina- 
tion program. 

Of these, 90-100 percent became sick. Sheep, pig, and goat morbidity was lower. He states that about 2 
percent of the sick animals died and that this could be as high as 40-70 percent. 

(8) Geering, W.A., FMD in Sheep. Aust. Vet. J., 1967, (43), 485-489. 
Lesions due to myotropic characteristic of the virus resulted in high mortality in young animals. The 

percentages reported are 40, 45, and 94 percent at three locations in nonenzootic areas in Russia and Africa. 

(9) Goic. Unpublished data from the Pan American Center for FMD, 1963. 
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In Colombia in 1963,14 percent (313/2289) of cows having clinical FMD developed mastitis. The general 
pattern vy^as an immediate loss of production which lasted 5-7 days with incomplete recovery. It could take 
up to 60 days to return to expected production. Calf mortality averaged 2 percent for acutely ill animals and 
7 percent for total calf death loss due to overall FMD insult. Mortality of other animals was 1 percent. About 
4 percent (56/1480) of the cows were chronically infected. Abortion occurred in 1 percent (37/3224) of the 
cows. On one farm 26 percent (10/38) of the cows aborted. 

(10) Hedjazi, M. and Nadalian, M.G.H. A Clinical Study of Some Epizootics of FMD in Iran Caused by the 
Asia 1 Virus. Bui. Off. Int. Epiz. 1973, (79), 823-828. 
Clinical signs from an outbreak are described. Death occurred in many old cows due to gastroenteritis. 

One to two weeks after recovery, 30 to 80 percent of adult animals developed panting, tachycardia, lacrima- 
tion, and further reduction in milk production. These signs lasted 10 to 15 days. 

(11) Guschin, N.I. The Economic Appraisal of Preventive Measures Used in the Control of FMD. Veterin- 
ariya 1968, (45-5), 30-33. 

Average losses of meat productivity from FMD: 

70 Calves up to 6-7 months of age  53°/c 
Animals up to 18 months of age  41.6% 
Mature animals  72.6% o 

Milk losses from FMD: (Approximately 35 to 57 percent of milk is lost during the first 30 days of 
disease.) 

700- 900 kilograms (4.6%) 
1000-1500 kilograms (9.4%) 
1500-2000 kilograms (15%) 
2000-2600 kilograms (21.3%) 

above 2600 kilograms (31%) 

(12) Izurieta, CM. Consequences of Foot-and-Mouth Disease: Vaccination Program. El Tiempo. Ecuador. 
June, 1975. (translated from Spanish) 
The author cites three sources as justification for the benefits of vaccination: 

(1) Kurt Waegener of Germany 

Weight Loss Percent Mortality 
Suckling pigs          2.5 Kg 22.7 6.48% 
Adult hogs     15.0 Kg 15.0 0.72% 
Sheep       10.0 Kg 20.0 0.15% 

(2) Dr. Villegas' study of 17 dairies in Mexico City. Out of a total of 6,982 animals, 406 (6 percent) 
died, 854 (12 percent) were sold for poor condition, and 160 (3 percent) of the females had 
miscarriages. Milk production declined from 4,300 liters to 1,860 liters. 

(3) On the Los Cristales ranch in Venezuela in 1950, 140 calves died, 60 cows stopped lactating, 
milk production dropped from 2,000 to 30 liters per day, and 200 cows had to be sold. Recovery 
to normal operation took 2 years. 

(13) Kalra, D.S., Vig, R.P., and Sadana, J.R. Some Observations on the Incidence and Epizootiology of FMD 
in Pigs. J. of Research, 1969, (8), 275-281. 
From 1957 to 1967, seven outbreaks occurred in pigs on a government livestock farm and involved 608 

pigs. Data available from the outbreaks are as follows: 

Incidence Rate (4 Outbreaks) Case Fatality Rate (6 Outbreaks) 

^ Young 9/36 (25%) to 64/69 (92.75%) 0 to 1/9 (11%) 
Adult 0 to 33/42 (87.39%) 0 

^ Below 3 months of age. 
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In 1 year on this farm, 45 young and 5 adult pigs died out of a total of 133 pigs of all ages showing signs 
of disease in a population at risk of 221 pigs. Udder and teat lesions occurred only rarely. The animals re- 
covered in a few weeks except in cases where complications such as shedding hooves developed. Young 
animals which became weak from the disease became stunted and uneconomical to continue raising because 
of failure to gain weight. Virus isolates from five of the outbreaks were typed. Type A was found in one, 
O in three, and Ai in one. The greatest incidence and case fatality rate occurred from type O infections. 

(14) Kouba, V. Economic Significance and Preventive Measures Involved in Combating Foot-and-Mouth. 
Veterinarstri (Veterinary Medicine), 13-3 Prague March, 1973. 97-103  (Translation from Czecho- 
slovakian) 
An evaluation of the 1957-60 outbreak of FMD yielded the following information: 

During this time, FMD broke out in 245 communities and 451 livestock farms on which 10,043 cattle, 
172 sheep, 292 goats, and 11,038 swine were kept. A and O, and mixes of A and O serotypes were 
isolated. Type C was isolated on one occasion. Out of the total number of animals herded directly 
in the center of infection, the following information was collected: 

Percentage Percentage 
of infected slaughtered 
which were because 

Case specific prematurely infection was 
Infection rates death rate slaughtered suspected 

Cattle 49.74 
(4,995/10,043) 

1.32 8.28 2.39 

Sheep 4.06 
(7/172) 

0 28.57 15.12 

Goats 27.73 
(81/292) 

16.5 64.20 17.81 

Swine 19.21 
(2,121/11,043) 

2.13 32.48 26.66 

Baby Calves^ 78.98 
(440/552) 

8.0 6.19 Not reported 

Baby Pigsi 66.98 
(421/633) 

76.5 13.61 Not reported 

^ These data are from another survey in the same outbreak in which 51 instances were surveyed for baby calves and 23 instances were surveyed for 
baby pigs. 

It was estimated that 461.45 Kg of meat were lost per livestock farm due to inedibility or inferior 
quality. The average animal population per farm was not reported. At 26 centers of infection, average weight 
loss in cattle amounted to 30.27 Kg per head of 2,391 infected cattle. 

On 19 livestock farms surveyed having a total of 1,925 infected cattle, milk loss averaged 59.6 liters per 
infected cow. The loss resulting from a harmless elimination of biochemically altered milk in 11 infected 
livestock farms amounted to an average of 21.48 liters per infected cow. 

Indirect losses were also described. In 372 instances surveyed, the quarantine lasted an average of 24 
days. In 25 infected communities, an average of 47 persons stayed home from work, resulting in an average 
loss of 15.71 working days per person. Other effects mentioned were: reduced purchase of agriculture 
products, general disruption of agricultural life, and impact of foreign trade. 

The costs of combating the disease were as follows: 
(1) An average of 49,281 Koruny [$8,000) per community. 
(2) Veterinary service spent 148,880 Koruny ($26,200) mainly for inoculations in 16 counties and 

23,386K ($4,100) for disinfection of premises. 
(3) Vaccinations outside the infected areas cost 38 million Koruny ($6.65 million) at 6 Koruny per 

vaccination ($1.05). 

(15) Lall, J.M. Epizootiology of FMD in India and Its Effects on Control Measures. Bui. Off. Int. Epiz. 1972, 
[77], 587-593. 
In 1962-72 an average mortality of 0.43 percent in cattle and buffaloes occurred in 274,848 affected 

animals from 5,021 outbreaks. 
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Lall states that mortality among the young unvaccinated calves has been as high as 66 percent due to 
severe heart lesions. He also describes the "panting" syndrome in adult "recovered" cattle. In pigs he 
describes 7-10 percent as the usual mortality rate in adult pigs. Also, sows abort and piglet death is high 
(47 percent). 

(16) Melvin, A.D. The Necessity for Eradicating FMD. USDA. 1914. 
Quotes that in Holland every infected cov^ suffers a damage valued at $10; in Germany the estimated 

value of such damage is $7. 

(17) Olah, M., Pavlovic, R., Panjevic, D., Varga, F. and Tadic, T. Clinical Picture and Differential Diagnosis 
of Foot-and-Mouth Disease in Sheep and Goats. Vet. Clasn. 30 (3): 239-245,1976 (In Serbo-Croat) 
Foot-and-mouth disease in sheep is usually characterized by loss of appetite, signs of depression, and 

lameness. Body temperatures are usually elevated (40° to 41.7°C). Although most of the sheep in a flock may 
show the above signs, few show mouth changes. Small lesions may be observed on the inside of the cheek, 
the hard palate, and tongue, but these tend to burst very rapidly and may easily be missed. Ulcerated areas 
may be found between the hooves and on the heels, but, commonly, only one leg of an infected animal is 
involved. In goats, mouth lesions are more common than in sheep infected with foot-and-mouth disease. 
Foot lesions are usually observed in about 50 percent of affected animals. In rare cases, a rash on the teats 
may be present. 

(18) Pasturino, E.L. and Baltar, J. Rapport sur la lutte contre la Feivre Aphteuse in Uruguay. Bul. Off. Int. 
Epiz.1972, (77), 635-645. 
In 1 year, 375 outbreaks occurred. Morbidity rates for bovines of 0-12,12-20, and 20 and above months 

of age were 4, 68, and 7 per 1,000 respectively. Death rates were insignificant. 

(19) Powers, A.P. and Harris, S.A. A Cost-Benefit Evaluation of Alternative Control Policies for FMD in 
Great Britain. J. Agrie. Econ., 1973, 573-600. 
In this study the authors cite veterinary reports for years 1922-24 which describe percent rates of 

mortality when there was no slaughter policy as follows: Cattle—3.4 percent, sheep—21.9 percent, and pigs 
—5.7 percent. Also, in a footnote, they refer to a general European death rate of 1 to 3 percent in all species. 
They adjusted loss figures from Latin America to a total animal livestock production loss of 12.5 percent per 
year. This loss was proposed to be made up of the following: 

(1) Reduced fertility in sheep and cattle of 6 percent. 
(2) Increased mortality in young animals of 2 percent. 
(3) Increased mortality in adult animals of 0.5 percent. 
(4) Loss of live-weight gain—2 percent. 
(5) Loss due to delayed maturity in heifers—2 percent. 

(20) Rodriquez, Aguayo, L. Rapport sur letat de la Lutte anti-aphteuse au Chili. Bul. Off. Int. Epiz., 1972, (72), 
647-651. 
Disease specific death rates of 0.63 percent in cattle, 14.71 percent in pigs, 0.50 percent in sheep, and 

3.49 percent in goats are reported. 

(21) Rubenstein, E.M. and Beltran, L.E. Economic Losses from Foot-and-Mouth Disease: A Case Study on a 
Pig Farm in Colombia. Trop. Anim. Health and Production. 1975 (7) 149. 
An outbreak occurred in one building housing 104 sows and 818 piglets. Ninety-eight percent of the 

animals were infected. Losses were calculated as comparisons of the 12-month pre-outbreak and the 2-month 
clinical disease periods. 

Total mortality 
Unweaned piglet mortality 
Store pig mortality 
Fattener pig mortality 
Breeding sow mortality 

Pre-outbreak Clinical Disease 
Period Period 
 Percent  

6 24.7 
15 47 

3 32 
3 23 
0.5 17.8 
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Also, growth in surviving pigs was retarded for 2 months, and no sows farrowed on the fifth and sixth 
month after the outbreak as they could not be serviced during the active stage of the infection. 

The total economic loss for the 2 years following the outbreak was calculated to be $37,200, equivalent 
to a 44-percent reduction in net income for the 2-year period. 

(22) Sadana, J.R. and Kalra, D.S. A Peracute Form of FMD in Pigs. Haryana Vet. 1971 (10), 117-119. 
An outbreak occurred in a government pig farm. Eighty-two pigs were infected. Pigs'of all ages had 100- 

percent morbidity. Mortality occurred only in pigs under 2 months of age at a rate of 67 percent. Type O 
virus was isolated. Myocarditis was seen in only one pig. 

(23) Salces, F. Programe de Lutte contre la Feivre aphteuse en Argentina Mémoire pour 1967. Bul. Off Int 
Epiz. 1968 (70), 537-541. 
Table shows 0.72, 0.039, and 0.22 percent disease-specific deaths in all farm animals for 1965,1966, and 

1967 respectively. These apparently are percentages of total cows, pigs, and sheep which were sick and died 
due to FMD infection. 

(24) Seeleman, M. The Influence of FMD on Milk Quahty. Dai. Sei. Abst., 1957 (19), 534-539. 
This is a review article on the question. In some cows the milk yield may cease completely for that and 

subsequent lactations. The problem originates from vesicles on the teats and teat orifice, which result in 
painful milking, blockage of the teat orifice, and invasion of mastitis pathogens. The duration of abnormal 
milk secretions depends on the severity of the lesions. Seeleman reviews several articles as follows: 

He cites the detailed work of Paarman. Catarrh of the teat canal follows the formation of vesicles. 
The milk looks like colostrum and may be watery with lumps. The milk may regain its normal appear- 
ance or bacterial infection may follow the vesicle damage to teat orifice and canal and cause mastitis. 

Another author, Dasth, reports that in certain cases abnormal milk may be produced for 4 weeks 
after FMD outbreaks. 

Rievel reports that in mild cases the milk becomes thin. In very severe cases the milk contains 
fibrin, blood, and is yellow. If the udder is free of bacterial invasion, milk should be normal 10 to 14 
days after the acute disease signs. 

Koesther and Elson state that in FMD infection of the udder without bacterial mastitis, the milk 
will look like the milk from a cow that is drying off. They take the view that it is unlikely that the virus 
alone causes substantial irritation to the gland. 

A Russian report of FMD on one dairy farm showed a 30- to 40-percent drop in milk yields. 
In summary, Seeleman states that as the outbreak subsides, unless the cows do not recover, they will 

return to normal production in 10 to 14 days. No adverse effects from vaccination have been reported. 

(25) Sharma, N.C. and Sane, C.R. Semen Picture in Holstein, Jersey, and Murrah Bulls Affected with FMD in 
India. Indian }. Anim. Sei., 1972, (42), 415. 
Natural FMD infection of eight bulls of 4-12 years of age at a bull center significantly affected mass 

activity, méthylène blue reduction time, live sperm percentage and sperm concentration, and resulted in a 
high percentage of abnormalities. The semen quality progressively improved and was back to normal in 3 
months. 

(26) Shchelokov, N.A. Economic Effectiveness of Measures Against FMD. Veterinariya (Mose), 1972, (1) 
41-44, Russian. 
FMD caused sickness in 18,296 (37 percent) of 49,735 cattle; 17,516 (3 percent) of 580,586 sheep; and 

5,225 (29 percent) of 18,296 pigs. One hundred sixty-seven (0.9 percent) of the infected cattle died and a total 
of 1,291 (6 percent) of the infected pigs and sheep died. 

(27) Singh, P.P. and Murphy, K.K. Studies of an Outbreak of FMD in a Piggery in Uttar Pradesh. Indian Vet. 
J., 1970,124-132. 
This is a detailed account of an outbreak in previously unexposed pigs in a piggery in which a total of 

1,456 of 1,850 pigs were affected with the disease within 2 months after the first signs of FMD were noted. 
One hundred and one animals died from acute attacks (6.93 percent). Fifty-one more died due to complica- 
tions which resulted in a total mortality rate of 10.4 percent. The mortality rate was 33.62 percent in pigs 
under 2 months of age, 2.91 percent in adult pigs, and 1.89 percent in weaners. The shortest incubation period 
was 2 days. Type O virus was isolated. 
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(28) Villegas, 1962. Unpublished data. 
In Mexico in 1946-47 in 17 dairy herds which had FMD, 160 out of 4,771 cows (3 percent) aborted. (If 

there is a 50-percent fertility rate and abortion is only detected in late gestation, this 3-percent figure would 
be approximately a 12-percent incidence in pregnant cows.) Twelve percent (854 out of 6,982) of the dairy 
cows were culled for mastitis, temporary infertility, and other reasons of nonproductivity. 
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TECHNICAL REPORT NO. 3 

TECHNICAL AND COST DIMENSIONS OF THEORETICAL CONTROL PROGRAMS AGAINST 
FOOT-AND-MOUTH DISEASE IN THE UNITED STATES 

John C. New, Jr., D.V.M., M.P.H.^ 

INTRODUCTION 

In theorizing on the economic impact foot-and- 
mouth disease (FMD) would have if introduced into 
the United States, several strategies aimed at eradi- 
cation and/or control should be explored. One of 
these strategies is the use of vaccine in an attempt 
to control the disease. Even though the present 
policy of the United States toward an FMD out- 
break prohibits the use of vaccine, it is conceivable 
that the virus could become so widely disseminated 
or so deeply imbedded in the areas of denser live- 
stock populations that an alternative strategy incor- 
porating vaccination would be considered. In this 
case, the immediate goal would be control, and 
eradication would become a long-range objective. 

METHODS 

In order to estimate the economic impact of FMD 
in terms of a vaccination program, we will hypothe- 
size an actual outbreak, using a specific location. If 
FMD were introduced into the United States, one 
of the worse possible situations would be for it to 
break out in one of the large livestock markets 
located in one of the areas of denser livestock popu- 
lations. This would allow rapid dissemination due to 
the density of the animal population as well as the 
extensive movement of animals associated with 
major livestock markets. We will use the South 
St. Paul Stockyards of Minnesota, purported to be 
the largest in the world, as a prototype for our 
theoretical estimates. We will assume that only one 
virus subtype is introduced into this stockyard, and 
that this subtype is highly infective and highly com- 
municable. We will also assume that attempts at 
eradication (at least in the near future) have failed 
and the decision to try to control the disease through 
a compulsory vaccination program has been made. 

One of the first steps probably to be taken, if it 
had not been already, would be to declare and 
establish a quarantine area. Our estimates will be 
based on two hypothetical areas, the first being a 

^Dr. New is currently an Assistant Professor, Department of Environ- 
mental Practice, College of Veterinary Medicine, University of Tennessee, 
Knoxville, Tenn. 37901. Dr. Nasser Aulaqi was the author of the section 
on slaughter costs. 

multistate area consisting of the following States: 
Minnesota, North Dakota, South Dakota, Nebraska, 
Iowa, Wisconsin, and the Upper Peninsula of 
Michigan (fig. 3-1). The second quarantine area to 
be considered is a one-State area, specifically Minne- 
sota. The purpose of the quarantine would be to 
limit movement of live animals, meat, and dairy 
products out of the area. Here "live animals" is 
defined as meaning all cattle, swine, and sheep; and 
"meat" refers to meat from those animals only. 
Quarantine inspection posts would be set up at all 
exit points of the qujarantine area except along the 
international border with Canada. It is felt that once 
the disease was diagnosed in the United States, the 
Canadian Government would impose entry restric- 
tions along the border. Also, the U.S. Customs 
facilities presently existing along the border could 
act as quarantine inspection posts if necessary. 

In reference to the vaccination program itself, the 
following general assumptions will be made. It will 
be assumed that the necessary politico-legal actions 
have been taken at the Federal level to override any 
State law dealing with vaccination; thus, compul- 
sory vaccination within the quarantine area will be 
a Federal requirement. Vaccination will be required 
for the following susceptible species: all cattle over 
4 months of age and all swine and sheep over 
3 months of age. It will be assumed that intense 
vaccination will be conducted for 1 year, during 
which time all animals in the above classifications 
will be vaccinated twice. In addition, young animals 
(cattle, swine, and sheep) becoming eligible during 
the year would be vaccinated at least once. 

In addition to the compulsory vaccination pro- 
gram, there would be a slaughter program going on 
within the quarantine area. This program would be 
aimed at diseased animals as well as those which 
have had close contact with diseased animals. 

Thus, in making estimates of the cost of a FMD 
control program in these specific areas, four major 
direct program cost categories will be dealt with: 
(1) cost of the vaccination program, (2) cost of the 
surveillance program, (3) cost of maintaining the 
quarantine area, and (4) cost of a slaughter program 
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within the quarantine area. The multistate area will 
be dealt with first, and for organizational purposes 
these four categories will be dealt with under the 
following headings: The Vaccination Program, The 
Surveillance Program, The Quarantine Program, and 
The Slaughter Program. A discussion of the same 
control programs will then be discussed as they 
might be applied to a one-State area. 

THE TARGET POPULATION 
The theoretical target population for vaccination 

within the two quarantine areas described will be 
based on population figures for 1976. Unfortunately, 
population figures are not reported according to age, 
so some assumptions must be made in order to esti- 
mate the number of the cattle over 4 months of age 
and the number of swine and sheep over 3 months 
of age. Table 3-1 displays the estimated target popu- 
lation for the multistate area that resulted from the 
following assumptions. The ''Livestock and Meat 
Statistics Supplement for 1976" [29]^ basically di- 
vides cattle into two weight classes: (1) less than 
500 pounds and (2) 500 pounds and over. The popu- 
lation figures of table 3-1 represent those cattle 
500 pounds and over. In arbitrarily eliminating those 
cattle under 500 pounds from the target population, 
undoubtedly some cattle over 4 months of age have 
been eliminated. However, there is no way to quan- 
tify what part of the population (less than 500 
pounds) should be included. Thus, the target cattle 
population at this point is an underestimation. 

Swine are divided into five classes according to 
market weight: under 60 pounds, 60-119 pounds, 
120-179 pounds, 180-219 pounds, and 220 pounds 
and over. The population figures of table 3-1 reflect 
an elimination of the under 60 pounds class assum- 
ing a pig at 3 months of age will weigh 60 to 80 
pounds. The figures for swine in table 3-1 represent 
the upper four market classes in addition to the 
breeding stock inventories. 

Inventories of sheep are basically divided into 
three major classes: "Lambs," "Sheep 1 Year and 
Older," and "Sheep on Feed." The "Lambs" classifi- 
cation has been eliminated in table 3-1 and, as with 
cattle, this represents an underestimation of the 
sheep population since it seems to include all sheep 
under 1 year of age. Also, as in cattle, it is not 
possible to quantify what part of this class is less 
than 1 year of age but more than 3 months of age. 

Several sources were checked to determine goat 
populations. No source proved reliable, so from 
necessity goats have been eliminated from the esti- 

' Italic numbers in parentheses refer to references cited at the end of this 
report. 

TABLE 3-1.   Livestock populations of selected Midwestern 
States in 1976 ^ (1,000 head) 

State Cattle 2 Swine 3 Sheep4 Total 

North Dakota 1,643 236 226 2,105 

South Dakota 2,383 914 559 3,856 

Nebraska 4,780 2,050 195 7,025 

Iowa 5,393 9,364 341 15,098 

Wisconsin 3,347 783 67 4,197 

Upper Peninsula 5 60 2 2 64 

of Michigan 
Minnesota 3,060 2.246 244 5,550 

Total 20,666 15,595 1,634 37,895 

'^U.S. Department of Agriculture, Statistical Reporting Service, "Livestock 
and Meat Statistics Supplement for 1976," Statistical Bulletin No. 522, pp. 
4-23. 
^Inventory of cattle as of January 1, 1977, 500 pounds and over. 
3 Inventory of swine as of December 1, 1976, 60 pounds and over. 

* Inventory of sheep as of January 1, 1977, excluding Iambs. 

B To determine the livestock population of the Upper Peninsula of Michi- 
gan, the 1969 Census of Agriculture was used in conjunction with the 
County Data Profiles of USDA, APHIS, Office of Emergency Programs. 
The percent of the total State population of cattle, swine, and sheep found 
in the 15 counties of the Upper Peninsula was computed. The Upper 
Peninsula in 1969 contained 4.87 percent of the cattle, 0.28 percent of the 
swine, and 1.29 percent of the sheep recorded for Michigan. These per- 
centages were arbitrarily applied to total population figures for Michigan 
in 1976. The 1969 census figures were the only ones available at the time 
of this writing that were broken down by county, thus allowing separa- 
tion of the Upper Peninsula counties from those of the Lower Peninsula. 
Population inventories for cattle, swine, and sheep for Michigan were 
used as described in notes 2, 3, and 4, respectively. 

mation of the target population. However, it should 
be assumed that an actual vaccination program 
would include this species. 

In summary, table 3-1 shows a minimum target 
population of 37,895,000 cattle, swine, and sheep. 
Assuming again that each of these animals must 
be vaccinated twice during a 1-year period of intense 
vaccination, 75,790,000 doses of vaccine must be 
administered. It must be remembered that these 
figures represent a minimum target population due 
to a known underestimation of the cattle and sheep 
populations, and exclusion of the goat population. 

In addition, livestock populations are not stable or 
fixed as illustrated by annual inventory figures such 
as those of table 3-1. This is especially true of age 
groups within the population. These groups, such as 
cattle over 4 months of age and swine and sheep 
over 3 months of age, are dynamic and static and 
change constantly throughout the year. The birth 
and maturity of calves, pigs, and lambs will create 
a problem for vaccination teams as new populations 
continuously become eligible for vaccination during 
the year. This is a major inefficiency of a vaccination 
program as described above. Thus, a population of 
37,895,000 animals (75,790,000 vaccinations) must be 
considered as only an average base population for 
estimates of cost. 
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To determine the size of this calf, pig, and lamb 
crop that would become eligible for vaccination dur- 
ing the year of the vaccination program, we will start 
with the total number of calves, pigs, and lambs 
born during 1976 as reported in the ''Livestock and 
Meat Statistics Supplement for 1976" [29). These 
numbers are listed in table 3-2 for the various States 
involved. 

However, to assume that all the animals born dur- 
ing the year would become eligible for vaccination 
would be erroneous. We will arbitrarily assume that 
two-thirds of the calves born and three-fourths of 
the pig and lamb crops for the year will become 
eligible for vaccination during the year. These pro- 
portions of the calf, pig, and lamb crops should be 
added to the average base populations of table 3-1. 
Table 3-3 and 3-4 then show the target population 
of each State that we will use as a basis for our 
estimates. The seasonal parturition of some of the 
animals we are dealing with could certainly bias the 
above assumptions, but we are not considering the 
vaccination year as beginning in any particular 
month. Thus, the seasonality bias will be negated by 
our assumption of an annual average without defin- 
ing in which month the yearly period begins and 
ends. 

ESTIMATES OF CONTROL OF FOOT-AND- 
MOUTH DISEASE IN A MULTISTATE AREA 

The Vaccination Program 

This section will deal with the costs directly re- 
lated to a compulsory vaccination program aimed at 
the target population discussed previously. The vac- 
cination team will be considered as the basic unit of 
the vaccination program. Certain assumptions will 

TABLE 3-2.    Calf, pig, and lamh crops for selected 
Midwestern States in 1976'^ [1,000 head] 

State Calves born Pig crop2 Lamb crop^ Total 

North Dakota 1,190 537 192 1,919 
South Dakota 1,800 2,694 684 5,178 
Nebraska 2,020 4,878 120 7,018 
Iowa 2,180 20,315 290 22,785 
Wisconsin 2,065 2,618 75 4,758 
Upper Peninsula^ t             29 3.3 1.4 33.7 
of Michigan 
Minnesota 1,450 5,747 237 7,434 

^U.S. Department of Agriculture, Statistical Reporting Service, "Livestock 
and Meat Statistics Supplement for 1976," Statistical Bulletin No. 522, pp. 
4-23. 

2These figures represent an addition of the December-May inventory and 
the June-November inventory for the respective States. 

3 "Lamb  crop"  defined as Iambs  born  in  the native  States and Iambs 
docked or branded in the western States. 

* These figures were calculated by the same method as described in note 5 
of table 3-1. 

TABLE 3-3.    Target population for a theoretical vaccination program against foot-and-mouth disease^ 
fl,000 head] 

State Cattle 2 Calf crop 3 Swine 2 Pig crop 4 Sheep2 Lamb crop^ Total 

a. b. c. d. e. f. g. 
North Dakota 1,643 797.3 236 402.8 226 144 3,449.1 
South Dakota 2,383 1,206 914 2,020.5 559 513 7,595.5 
Nebraska 4,780 1,353.4 2,050 3,658.5 195 90 12,126.9 
Iowa 5,393 1,460.8 9,364 15,236.3 341 217.5 32,012.4 
Wisconsin 3,347 1,383.6 783 1,963.5 67 56.3 7,600.4 
Upper Peninsula 

of Michigan 60 19.4 2 2.5 2 1.1 87 
Minnesota 3,060 971.5 2,246 4,310.3 244 177.8 11,009.6 

Total 20,666 7,191.8 15,595 27,594.4 1,634 1,199.7 73,880.9 

1 Based on population figures of 1976 for the respective States (See tables 3-1 and 3-2). 
" Figures from table 1. 
3 These figures represent two-thirds of the inventory numbers displayed in table 3-2. 
* These figures represent three-fourths of the inventory numbers displayed in table 3-2. 
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TABLE 3-4.    Doses of vaccine needed for a theoretical 
vaccination program against foot-and-mouth disease 

[1,000 doses] 

To be administered to: 

State Cattle 1 Swine 2 Sheep 3 Total 

North Dakota 4,083.3 874.8 596.0 5,554.1 
South Dakota 5,972.0 3,848.5 1,631.0 11,451.5 
Nebraska 10,913.4 7,758.5 480.0 19,151.9 
Iowa 12,246.6 33,964.3 899.5 47,110.4 
Wisconsin 8,077.6 3,529.5 190.3 11,797.4 
Upper Peninsula 139.4 6.5 5.1 151.0 
of Michigan 
Minnesota 7,091.5 8,802.3 665.8 16,559.6 

Total: 111,775.9 

^These numbers are calculated by multiplying the respective figures of 
column a., table 3-3, by 2, assuming these animals will be vaccinated 
twice during the year. This product is added to the corresponding number 
in column b., table 3-3, assuming these animals will reach vaccination 
eligibility (4 months of age or older] during the year and on an average 
will onJy have time to be vaccinated once during the year. 

^The same type of caJcuJations as described in 1 were carried out here 
using columns c. and d. of table 3-3. Vaccination eligibility will be as- 
sumed to be animals 3 months of age and older. 

^The same type of calculations as described in 1 were carried out here 
using columns e. and f. of table 3-3. Vaccination eligibility will be as- 
sumed to be animals 3 months of age and older. 

be made about these theoretical teams as to number 
of personnel, work load, etc., which will directly 
affect how fast vaccine can be administered. Con- 
versely, the time frame in which one wishes to 
vaccinate a certain population affects the number of 
teams needed and/or the number of personnel on a 
team. In other v^ords, if you wish to administer 100 
million doses in a 1-year period, you will require 
fewer vaccination teams than if you wanted to ad- 
minister that same 100 million doses in 6 months 
with teams of the same size. 

The work load of one team will be described in 
terms of number of animals vaccinated per day. 
This, of course, will vary primarily according to the 
number of persons on a team and the type of herds 
and facilities involved. For instance, a team working 
"down the road" vaccinatiug small groups of animals 
or range animals widely dispersed will not be able to 
vaccinate as many animals in a day as a team of the 
same number of persons working in a feedlot or 
with large dairies or swine operations. Many var- 
iables must be considered in designing a vaccination 
control program and determining the makeup of a 
vaccination team. Some of these variables will be 
limited by the following assumptions. 

Once the decision has been made to use vaccine, 
a few months will be required for the program to 
reach maximum strength and efficiency. Vaccine 
must be produced, personnel recruited, facilities and 
equipment obtained, and basic organizational struc- 
ture established. A general assumption will be made 

that within 1-year of the time the decision is made to 
use vaccine, all cattle over 4 months of age and all 
swine and sheep over 3 months of age (at the time 
vaccination begins) will be vaccinated twice in the 
quarantine area. In addition, it will be assumed that 
other animals becoming eligible for vaccination dur- 
ing the year will be vaccinated once. No specific 
time frames beside the 1-year period will be hy- 
pothesized. 

It will be assumed that if vaccine is applied as 
consistently and intensely as described above, the 
occurrence of the disease will be reduced to a point 
within 1 year where it can again be dealt with by a 
slaughter program alone. It will also be assumed 
that the virus has not spread outside the quarantine 
area, or if outbreaks have occurred outside the 
quarantine area, they have been small and have 
been effectively dealt with by depopulation pro- 
cedures. It must also be remembered that one of the 
major assumptions of this study is that only one 
virus subtype is introduced. 

One year after the decision is made to use vaccine, 
assuming the program has been successful as de- 
scribed above, the use of vaccine will again become 
illegal. This assumption is in keeping with an ul- 
timate policy of eradication and subsequent disease- 
free status being reached as a long-term objective. 
Then will follow a 2-year period during which no 
vaccination is allowed, intense surveillance is con- 
ducted, and sporadic outbreaks still occur. After this 
2-year period, or 3 years after the original decision 
was made to use vaccine, the United States would 
again be back to the posture it enjoyed before the 
outbreak, and the quarantine would be lifted. Reper- 
cussions due to the occurrence of the disease as well 
as the vaccination and quarantine programs would 
have political, economic, and social effects for sev- 
eral years to come. However, actual costs directly 
related to FMD would mainly be concentrated in 
surveillance efforts after this time. 

A supervisory and administrative structure must 
be set up in order to assure the most efficient pro- 
gression of the vaccination program. It will be as- 
sumed that this structure will exist in three levels, 
the top level being APHIS' Emergency Programs 
office in Hyattsville. Not all functions of this office 
would be directly related to the theoretical vaccina- 
tion/quarantine/slaughter program against FMD. 
However, a portion of the function of that office 
would be directly related to the control efforts and 
thus can be considered as a directly related expense. 
This will be discussed more fully later. 

The second supervisory/administrative level to be 
assumed is at the State level. It will be assumed that 
there will be at least one main office in each State 
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coordinating the effort. Under each State office 
would be a series of district offices which would be 
the lowest administrative level of coordination. The 
district offices would be directly responsible for the 
supervision and coordination of the vaccination 
teams, and the number of district offices in each 
State would be determined by the number of vac- 
cination teams operating in that particular State. 
For the purpose of estimating the cost of these dis- 
trict and State offices in a multistate area, the Upper 
Peninsula of Michigan will be considered as part of 
Wisconsin. This would mean there would be six 
State offices, one each in North .Dakota, South Da- 
kota, Nebraska, Iowa, Wisconsin, and Minnesota. 
The vaccination teams operating in the Upper Penin- 
sula of Michigan (table 3-5) would thus come under 
the supervisory control of the nearest district office 
in Wisconsin. 

Estimation of the cost of a compulsory vaccina- 
tion program for a multistate area will be broken 
down into the following cost categories and esti- 
mated separately: vaccine production, vaccine 
testing, vaccine transportation, vaccine storage, 
vaccination teams, district offices. State offices, the 
Office of Emergency Programs, and vaccine evalua- 
tion teams. 

Vaccine Production 

The first estimate necessary is the cost of vaccine 
production. Vaccine is currently produced in many 
areas of the world, and some of these production 
cost figures will be used as a baseline for our esti- 
mate. These figures will, however, not be directly 
extrapolated for use in our estimates for the follow- 
ing reasons. Even though some vaccine could be 
bought from these foreign sources, we will assume 
that this option will not be taken. Instead, the vac- 
cine needed would be produced "from scratch" in 
the United States. This is because vaccine produced 
in foreign countries might not be strain specific for 
the virus working in the United States. Second, most 
foreign-produced vaccines are polyvalent. Since the 
long-range objective of the United States would be 
to prevent introduction of any new subtype with the 
hope of eventual eradication, it will be assumed that 
a polyvalent vaccine would be neither necessary nor 
allowed. Even a monovalent vaccine produced in a 
foreign country would not be allowed because of 
the potential threat of introducing a new subtype. 
Another aspect of buying foreign-produced vaccines 
would be that the production requirements of 
foreign-produced vaccines might not meet the stand- 
ards required by the United States. Finally, the 
demand for vaccine needed by the United States 
possibly could not be met by foreign vaccine firms. 

A major source of information on the cost of 
vaccine (per dose) comes from West Germany (9) 
where compulsory vaccination has been in effect 
since 1967. The vaccine being used in West Germany 
is a trivalent vaccine and the cost of the vaccine per 
dose in 1971-73 was about $0.44 (based on the DM/$ 
conversion rate of July 1, 1976, of 1 DM=$0.39). 
Consequently, a monovalent dose would be about 
$0.15. This cost represents a stabilization point after 
several years of vaccination. Vaccine costs when 
Germany first began their program were higher. 

Assuming that the needed vaccine could be pro- 
duced in the United States, we must increase this 
basic estimate of $0.15-0.20 for several reasons, 
some of which have already been indicated. Labor 
costs are usually higher in the United States than 
they are in foreign countries. The production plants 
could quite possibly be located in noninfected areas 
which would require extreme security measures to 
prevent biological accidents. Special insurance 
would also be required to cover these potential 
biological accidents. Vaccine production by a com- 
mercial firm would require facilities separate and 
apart from existing facilities, and equipment and 
expertise as well as facilities are not presently avail- 
able in the United States. Finally, the producing 
companies would not be guaranteed a continuing 
market since we are assuming that after 1 year, FMD 
vaccine would again become illegal. All of the 
reasons stated above would tend to increase the cost 
of producing vaccine in the United States, as com- 
pared to that presently being produced in foreign 
countries. We will use $0.30 per dose as a more 
realistic estimate of vaccine production cost in the 
United States. 

Assuming that approximately 112 million doses of 
vaccine are needed as shown in table 3-4, then the 
total cost of vaccine production at $0.30 per dose 
would be $33,600,000. 

Vaccine Testing 

Once the vaccine has been produced, it must be 
tested for safety (presence or absence of residual 
virus) and potency (efficacy). We will assume that 
commercial firms will not be allowed to do any 
testing except in cell culture or laboratory animals. 
The safety and potency tests required would be done 
in cattle at the Plum Island Animal Disease Center 
(PIADC). The cost of these tests would be directly 
related to the vaccination program. 

In conversations with personnel at PIADC, it was 
found that both safety and potency tests would be 
required for each "batch" of vaccine; however, 
clarification of just what constituted a "batch" was 
hard to determine. Estimates ranged from 1,000 to 
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500,000 doses per batch. It will thus be assumed that 
one batch of FMD vaccine will on the average con- 
sist of 250,000 doses. This would mean that four 
sets of safety and potency tests must be performed 
for each 1 million doses. 

The cost of these tests can be divided into two 
components: the cost of animals used (cattle) and 
the expense of facilities utilized. PIADC uses 6 head 
of cattle in performing safety tests on a batch of 
vaccine, and 18 head in a potency test. Thus, a total 
of 24 head of cattle are needed to test the safety and 
potency of one batch of vaccine. At the present, 
PIADC contracts for cattle at $500 per head. So, 

24 head of cattle    X    $500 per head=$12,000 to 
needed per batch test one batch of 
of vaccine tested vaccine (250,000 

doses) 
or 

$48,000 to test 1 million doses (4 batches) 

In addition to this, four animal rooms would be 
needed at PIADC for 21 days. The Center estimates 
that the use of one room for 1 day costs $310, which 
includes maintenance, feeding costs, and laboratory 
work associated with the test. So, 

$310 X 21 days X 4 rooms = 
$26,040 to test one batch of vaccine 
(250,000 doses) 

or 
$104,160 to test 1 million doses (4 batches) 

The combined cost of testing 1 million doses of 
FMD vaccine for safety and potency would be 
$152,160, and the total cost of testing approximately 
112 milHon doses (table 3-4) would be $17,041,920. 
This cost would be expected before the vaccine is 
approved or released. 

Once the vaccine is approved and released to the 
field, it would be expected that special teams would 
be set up to test the efficacy of the vaccine in the 
field. The following assumptions and guidelines will 
be used in estimating the cost of the special field 
evaluation teams. An actual estimate will not be 
made until later, and then it will be made with par- 
ticular reference to the vaccination area as described 
earlier. 

First, we will assume that at least 80 percent of 
the animals in a herd will develop detectable anti- 
body after vaccination. We will assume that it will 
be necessary to serologically test 10 percent of the 
herds vaccinated, and within those herds to take 
blood samples from at least 10 animals or 2 percent 
of the herd, whichever is higher. This guideline 
could not, of course, be strictly applied in areas of 
small farms with only a few animals. Small farms. 

where vaccine of the same batch was applied by the 
same team, could be grouped together to form one 
large ''herd." 

The mouse protection test is considered the test 
of choice by PIADC in determining FMD vaccinal 
immunity, and this test costs about $2.50 per indi- 
vidual serum. 

Vaccine Transportation 

Once the vaccine has been produced and tested, 
it must be transported and stored. In discussions 
with the Property and Service Operation Branch, 
Personal Property Section, Veterinary Services, 
APHIS, we found that refrigerated transportation 
costs are a function of distances traveled and weight 
of the cargo. Prices are figured in terms of cost per 
1,000 pounds, with that cost dependent on the dis- 
tance to and location of the destination. An 18,000- 
pound minimum is required and any load under that 
weight will be charged as if it were 18,000 pounds. 
Since to assume which commercial firms would pro- 
duce the vaccine and where the primary warehouse 
would be located would be pure speculation, we will 
make only generalized assumptions as to distances 
transported. The following shows two estimated 
costs based on theoretical distances: 

Refrigerated Transportation Costs 
(18,000-pound minimum load) 

$9.59/1000 lbs/1100 miles = 
$1,726.20 + 7%^ = $1,847.03 

$10.73/1000 lbs/1700 miles = 
$1,931.40 + 7%   = $2,066.60 

Many commercial vaccines for food animals are 
packaged in 100 ml. vials, and we will thus assume 
that FMD vaccine will be packaged in this manner. 
We will also assume that one dose of FMD vaccine 
would equal 5 milliliters; thus, one vial would hold 
20 doses. It will be assumed that 10 bottles (200 
doses) will be packaged in one case. Commercial 
vaccines presently packaged in this manner weigh 
approximately 8 pounds—6 pounds of vaccine and 
vials, 1 pound of packaging material, and 1 pound of 
coolant. Thus, if a minimum load were considered 
to be 18,000 pounds, a minimum load would repre- 
sent 2,250 cases or 450,000 doses. Assuming ap- 
proximately 112 million doses will be needed for the 
program (table 3-4), then 250 loads would be re- 
quired.  Assuming  a  minimum  of  1,100  miles  of 

3 It is the opinion of personnel in the Property and Service Operation 
Branch that there will be a 7-percent increase in these costs per quarter 
due to fuel adjustment costs because of inflation. This last figure in each 
category would be the projected figure as of January 1, 1977, and will be 
used in our estimates. 
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transport distance at $1,847 per load, the cost of 250 
loads would be approximately $461,750. 

Vaccine Storage 

The cost of storing vaccine under refrigerated con- 
ditions is divided into two categories based on 
estimates by commercial facilities quoted to person- 
nel of the Director's Office, Emergency Programs, 
APHIS. The first category is cost of handling the 
vaccine. Most commercial firms charge some amount 
for the labor involved in physically unloading and 
reloading the product to be stored. This charge was 
quoted at $0.72 per 100 pounds. Assuming that 250 
loads of vaccine would be unloaded and reloaded at 
least once into a primary warehouse, the cost of 
handling those 250 loads would be approximately 
$32,500 per year. This assumes that each load con- 
sists of 2,250 cases of vaccine and each case would 
weigh 8 pounds. In other words, each load would 
weigh 18,000 pounds and the handling cost for each 
load at $0.72 per 100 pounds would be approximately 
$130. 

The second category of costs in this area is the 
cost of the actual refrigerated storage. Commercial 
cost of storage quoted to the Office of Emergency 
Programs was $0.52 per 100 pounds per month. 
Assumptions must then be made as to the time frame 
in which the vaccine will move through the storage 
facilities. In a program as described here, there 
would be a gradual buildup in volume both from the 
viewpoint of production and utilization. Then there 
would be a reasonably stable period of several 
months during which the volume of vaccine han- 
dled would be relatively constant. Finally, there 
would be a decline in production and consequently 
in the amount of vaccine moving through the supply 
chain as the vaccination program comes to an end at 
the end of a year. Instead of trying to estimate the 
volume to be stored each month in accordance with 
the dynamics of production increases and decreases, 
an average volume of vaccine will be assumed to be 
stored each month of the 1-year program. The 
average figure would be an overestimation for the 
first and last few months and an underestimation for 
the intervening peak months of the 1-year program. 
Assuming 250 loads will pass through the refriger- 
ated storage facilities during the year, it will be 
assumed that, on the average, 21 loads will be stored 
each month. 

Since it has been assumed that each load weighs 
18,000 pounds, then 378,000 pounds will be stored 
each month. At $0.52 per 100 pounds per month, the 
monthly storage costs would be approximately 
$1,966 and the yearly cost would be $23,592. 

When handling and storage costs are added to- 
gether, our estimate of the cost of storing the vaccine 
for 1 year comes to $56,092. 

Vaccination Teams 

Some general assumptions as to the workload and 
structure of the vaccination teams must be made 
before costs can be estimated. The workload ex- 
pressed in the average number of head of livestock 
a vaccination team can vaccinate in a day has been 
a controversial question in discussions with experts 
in this area. For this reason, estimates will be based 
on two average workloads that will be assumed can 
be accomplished by a vaccination team of equal size 
and composition. First, we will assume that one vac- 
cination team can vaccinate an average of 300 head 
of livestock per day. This assumption is based on a 
target population of all cattle, swine, and sheep in 
the age ranges described earlier. On any particular 
day this number may be significantly higher or lower 
for any one team depending on which species or 
livestock raising structure (that is, dairy versus 
range cattle) it is dealing with. It should be kept in 
mind that this assumption relates to an average 
number of animals that one team could vaccinate 
in 1 day. 

Second, we will assume that one vaccination team 
can vaccinate an average of 150 head of livestock 
daily. This assumption is also based on the same 
target population described earlier as well as the 
inherent variable efficiency of a team in reference to 
livestock raising structure. 

The feasibility of either of these averages is, of 
course, a function of the structure of one team. Our 
second assumption will be that in order to maintain 
either of the above averages, a team will consist of 
six persons as follows: 

1 (GS9/5)^      Vaccinator/Supervisor 
2 (GS3/1)        Helpers/Vaccinators 
2 (GS3/1)        Paperwork/Identification 
1 [GS3/1)        Advance (working a few days 
      ahead of the rest of the team to 
6 Total line up future sites for 

vaccination). 

With the theoretical base population established 
for our multistate area, preliminary estimates of the 
number of teams needed to administer the vaccine 
can be made. Assuming the amount of vaccine 
needed to be administered as shown in table 3-4 
and assuming a 1-year time frame as discussed 
earlier, table 3-5 illustrates the number of teams 
and the number of personnel needed to operate a 
^The GS ratings listed here and elsewhere will he used later to calculate 
salaries. 
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vaccination program as described. The figures of 
table 3-5 are based on the assumptions that each 
vaccination team is composed of six people (one 
GS 9/5 and five GS 3/1's), that each team on an av- 
erage can vaccinate 300 animals a day, and that each 
team will work 6 days a week or 312 days during the 
year (6 days per week X 52 weeks per year]. 

TABLE 3-5.    Vaccination teams and personnel needed for a 
multiState area vaccination program 

Number of 
Vaccinations 
to be given 

during the year^ 
(1,000 doses) 

Number of 
vaccination 

teams 
needed2 

Number of personnel 
needed to staff 

the teams 
GS 9/5             GS 3/1 

(One per 
team) 

(Five per 
team) 

North Dakota 5,554.1 59 59 295 

South Dakota 11,451.5 122 122 610 

Nebraska 19,151.9 205 205 1,025 

Iowa 47,110.4 503 503 2,515 

Wisconsin 11,797.4 126 126 630 

Upper Peninsula 151.0 2 2 10 

of Michigan 
Minnesota 16,559.6 177 177 885 

Subtotal 1,194 +     5,970 

Total 111,775.9 1,194 7,164 

^From table 3-4. 
2This number is obtained by [a] dividing the number of vaccinations 
projected for that State by 300, assuming each team can vaccinate 300 
head/day, and then (bj dividing that number by 312, the number of 
"work days" in the year assuming a 6-day work week. 

The cost of the vaccination teams will be divided 
into three components: (1) salaries, (2] equipment 
and supplies, and (3) transportation. 

Salaries will account for the majority of the cost 
of vaccination teams and will be further divided into 

two categories—base pay and per diem—for the two 
salary scales of GS 9/5 and GS 3/1. Per diem would 
not be granted to those individuals holding a GS 3/1 
classification since the vast majority of them would 
probably be locally hired persons. 

It will be assumed that each person will work an 
8-hour day, 6 days a week. Estimates of salaries will 
be based on this assumption and calculated accord- 
ing to the Regular Hourly Rate for GS Grades and 
Steps, General Schedule, Office of Personnel, U.S. 
Department of Agriculture (October 10, 1976). Sala- 
ries will be based on a 40-hour week (5 days] plus 8 
hours of time-and-a-half overtime (the 6th day) per 
week. The cost of salaries for personnel staffing 
these vaccination teams is shown in table 3-6. 

The next major category of expense of a vaccina- 
tion team to be estimated is the cost of equipment 
and supplies. The cost of the vaccine itself will not 
be included in this category since it has already been 
determined separately. Table 3-7 lists equipment 
and supplies needed for the vaccination teams. 

In addition to the specific equipment and supplies 
listed in table 3-7, certain miscellaneous items must 
be added to the Hst. These items include disposable 
needles for the syringes. Assuming 111,775,900 vac- 
cinations will be administered during the year (table 
3-4), we estimate 112 million disposable needles will 
be needed for the program. Assuming these needles 
are 18 gauge, 1^/2 inches long, costing $3.30 per box 
of 100, the cost of needles for use in the program 
would be: 

112 million 
ÏÔÔ 

X $3.30 = $3,696,000 
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TABLE 3-6.    Salary costs for a theoretical vaccination program for foot-and-mouth disease 

GS Grade 
and Step 

Over- 
Hourlyi Overhead^ 40 Hour    Overtime^      time 8     Weekly 
Wage                         Total   Hourly Wage Hr. Total    Wage 

(a. + 10% a.)(40 X b)     (1.5 X b)       (8 X d)   (c. + e.) 

Yearly 
Wage 

(52 X f.) 

Per Diem^ 
($35 per 

day) 

Yearly 
Per Diem 
(365 X h) 

Yearly 
Salary 
(g.+iO 

Number^ 
Employed 

Annual Cost 
in Salaries 

(k. X j.) 
a. b. c. d. e. f. g- h. i. j. k. 1. 

Vaccination 
Teams 

GS 3/1 
GS 9/5 

3.56 
7.68 

3.92 
8.45 

156.80 
338.00 

5.88 
12.68 

47.04 
101.44 

203.84 
439.44 

10,599.68 
12,850.88 

N.A. 
35.00 

N.A. 
12,775.00 

10.599.68 
35,625.88 

Subtotal 

5970 
1194 

7164    ! 

$63,280,089.60 
42,537,300.72 

$105,817,390.32 

District 
Offices 

GS    3/1 Same as 
147.00 

above 
637.00 33,124.00 35.00 12,775.00 

10,599.68 
45,899.00 

Subtotal 

480 
240 

720 

$5,087,846.40 
11,015,760.00 

$16,103,606.40 

GS 12/5 11.14 12.25 490.00 18.38 

State 
Offices 

GS   3/1 Same as 
52.80 

122.64 
Same as 

174.72 
206.64 

above 
228.80 
531.44 

above 
757.12 
895.44 

11,897.60 
27,634.88 

39,370.24 
46,562.88 

N.A. 
35.00 

N.A. 
N.A. 

N.A. 
12,775.00 

N.A. 
N.A. 

10,599.68 
11,897.60 
40,409.88 
45,899.00 
39,370.24 
46,562.88 

Subtotal 

60 
36 
24 
24 

6 
6 

156 

$635,980.80 
428,313.60 
969,837.12 

1,101,576.00 
236,221.44 
279,377.28 

$3,651,306.24 

GS    4/1 
GS 11/5 
GS 12/5 

4.00 
9.29 

4.40 
10.22 

176.00 
408.80 

6.60 
15.33 

GS 13/5 
GS 14/5 

13.24 
15.65 

14.56 
17.22 

582.40 
688.80 

21.84 
25.83 

Office of 
Emergency 
Programs 

GS    3/5 
GS    4/5 
GS    5/5 
GS 12/5 
GS 14/5 
GS 15/5 
GS 16/5 

4.04 
4.53 
5.07 

11.14 
15.65 
18.41 
19.04 

4.44 
4.98 
5.58 

12.25 
17.22 
20.25 
20.94 

177.60 
199.20 
223.20 
490.00 
688.80 
810.00 
837.60 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

177.60 
199.20 
223.20 
490.00 
688.80 
810.00 
837.60 

9,235.20 
10,358.40 
11,606.40 
25,480.00 
35,817.60 
42,120.00 
43,555.20 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

9,235.20 
10,358.40 
11,606.40 
24,480.00 
35,817.60 
42,120.00 
43,555.20 

2 
2 
1 
1 
1 
1 

.5* 

$10,470.40 
20,716.80 
11,606.40 
25,480.00 
35,817.60 
42,120.00 
21,777.60 

Subtotal 8.5 $175,988.80 

Vaccine 
Evaluation 
Teams 

GS    3/1 
GS    9/5 

Same as 
Same as 

above   . 
above   . 

10,599.68 
35,625.88 

Subtotal 

295 
59 

354 

$3,126,905.60 
2,101,926.90 

$5,228,832.50 

GRAND TOTAL 8402.5 $130,977,124.26 

1 Based on "Regular Hourly Rates for GS Grades and Steps." General Schedule, U.S. Department of Agriculture—Office of Personnel, October 10, 1976. 
2 The Office of Personnel, USDA estimates that the cost of processing personnel and financial records adds approximately 10 percent of the hourly wage. 
This is a hidden administrative cost which is not of course entered in payroll records but is used when the Department estimates the cost of various 
programs. 
3 Assuming a 6-day work week, the first 5 days pay would be calculated at regular hourly rates.   The 6th day (8 hoursj would be overtime. 
* Per diem would be paid for GS grades 9/5 and above.   Per diem would be paid everyday, not just workdays.   It will be assumed that GS 13/5 and 14/5 
slots would be piled by State or Federal personnel already permanently assigned to the respective states and thus would not be eligible for per diem. 
^ See tables 5 and 8. 
« It will be assumed that only 50 percent of this person's time will be taken up directly with the theoretical FMD campaign. 
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Another miscellaneous item of expense of the 
vaccination program would be the cost of identify- 
ing vaccinated animals. Since eradication of FMD 
would remain as at least a long-term objective, 
permanent identification of vaccinates would be the 
best procedure. Without going into the controversy 
of the various methods of permanent identification 
of livestock (swine and sheep as well as cattle), an 
arbitrary estimate of this cost will be made. If ear 
tags were used, a method probably not permanent 
enough for our purposes, the minimum cost to 
identify over 111 million animals would be over 
$3 million, assuming each tag costs approximately 
$0.03. Methods of permanent identification, such as 
branding or tattoos, would be expected to be less 
expensive and thus we will assume a cost of $1 mil- 
lion to permanently identify vaccinated animals. 

Another major miscellaneous expense would be 
generated by the use of coveralls. Assuming 7,164 
people will be needed to staff the vaccination teams 
(table 3-5) and that each person, on an average, will 
visit four premises each day of the 312 workdays 
during the year, approximately 9 million pair of 
coveralls (7,164 X 4 X 312) would be needed if dis- 
posable coveralls were used. Assuming one case of 
disposable coveralls costs $45.00 (25 pair per case), 
the cost of 9 million pair (360,000 cases) would be 
over $16 million. Consequently, it will be assumed 
that the coveralls will be cloth and reusable and 
there will be the added expense of laundry. 

If 12 pair of coveralls are to be available per per- 
son, as stated in table 3-7, then 85,968 pair are 
needed for the personnel staffing the vaccination 
teams. It will be assumed that laundry expenses for 
these coveralls for the year will be $1 million, or 
approximately $10 per pair per year. 

One other major miscellaneous expense that must 
be considered here involves the problem of vaccina- 
tion teams working on premises with a minimum of 
animal holding and handling facilities. The head- 
gates and chutes listed in table 3-7 will take care of 
some of this, and the availability of hammers and 
nails will be an aid in making temporary modifica- 
tions. However, it will be assumed that there will be 
an added requirement on occasion for temporary 
pens and corrals. It is felt that, as in the past, alumi- 
num gates, modified so they can be fastened to- 
gether in various ways, can be used for this purpose. 
Assuming that for every 10 teams in the field, five of 
these modified aluminum gates are available, and 

TABLE 3-7.   Equipment and supplies for vaccination teams 

Quantity! 
needed Cost per Total» 

Cost per per team team cost 

Item item for 1 year (a. X b.) 

c. 

(c. X 1,194) 

a. b. d. 

Ropes $7.00 4 $28.00 $33,432.00 

Noses tongs 4.00 3 12.00 14,328.00 

Hog holders 5.50 4 22.00 26,268.00 

Automatic 
syringes 60.00 4 240.00 286,560.00 

Jel-Paks 0.30 20 6.00 7,164.00 

Disinfectant 3 0.77 lb. 40 lbs. 30.80 36,775.20 

Buckets 3.50 6 21.00 25,074.00 

Brushes 1.60 12 19.20 22,924.80 

Ice chest 10.00 4 40.00 47,760.00 

Coveralls 4 12.00 pr. 72 864.00 1,031,616.00 

Headgear 5 0.06 7,500 450.00 537,300.00 

Boots6 8.00 12 96.00 114,624.00 

Chutes 400.00 0.57 200.00 238,800.00 

Headgates 100.00 0.57 50.00 59,700.00 

Plastic bags 8 0.25 1,250 312.50 373,125.00 

Metal 
clip boards 3.00 8 24.00 28,656.00 

First aid kit 6.00 2 12.00 14,328.00 

Hammer 5.00 4 20.00 23,880.00 

Nails 9 0.29/lb 10 lbs 2.90 3,462.60 

Shovel 7.50 4 30.00 35,820.00 

Proportioner for 
disinfectant 20.00 2 40.00 47,760.00 

Garden hose^^ 7.50 4 30.00 35,820.00 

Subtotal $2,550.40 $3,045,177.60 

Miscellaneous equipment 
and supplies $5,816,000.00 

Equipment and 
supply total $8,861,178 

iThe numbers in this column represent the supplies needed for the pro- 
gram for 1 year. Not all these supplies will be in use at once, but these 
numbers represent replacements that will he necessary throughout the 
year as some items wear out. Some items on the list will, of course, last 
the whole year. 
2 These costs are calculated by multiplying the respective costs of column 
"c." by 1,194, the number of teams needed from table 3-5. 
3Jt will be assumed that sodium carbonate will be used. 
* Twelve pair per person. 
Bit will be assumed that disposable caps will be used at $60.00 for 1,000 
caps. The 7,500 figure represents the supply needed for the whole year 
assuming an average of four caps per person per day (4X6 people per 
team X 312 working days in the year). 
^It will be assumed that two pairs per person will last the whole year. 
"^It will be assumed that each team will have either a headgate or chute 
available to it or one headgate and chute available for each two teams. 
^It will be assumed that each team will use on an average four bags per 
day assuming an average of four stops are made each  day. The 1,250 
figure represents a year's supply (4 X 312 working days). 
»Three-inch galvanized. 
10 Seventy-five feet long. 
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assuming that each gate costs $200, the estimated 
cost of this added resource would be $120,000. 

In summary, the expenses of miscellaneous equip- 
ment and supplies for the vaccination teams are 
composed of at least the following four components: 

Disposable needles $3,696,000 
Permanent identification 1,000,000 
Laundry of coveralls 1,000,000 
Aluminum gates 120,000 

Total        $5,816,000 

This total is shown in table 3-7 as ''Miscellaneous 
equipment and supplies." 

The last major category of expenses of the vaccin- 
ation teams would be the cost of transportation. It 
will be assumed that each team will need two cars, 
one to transport the team and its equipment and 
supplies and the other for the use of the advance 
man. With 1,194 vaccination teams in the field, 2,388 
vehicles would be needed. A limited number of 
General Services Administration (GSA) vehicles 
would be available, but not enough to supply the 
vaccination teams. It must be assumed that the 
required vehicles will be rented. It will be assumed 
that the available GSA vehicles will be utilized in a 
different way as will be discussed later. 

The current commercial rental rate for vehicles 
without drivers is $549 per month [unlimited mile- 
age) for a large sedan or station wagon, which would 
be necessary for transport of the team, and $399 
per month (unlimited mileage) for a smaller compact 
car, adequate for the advance man. To both of these 
figures should be added the fuel costs for approx- 
imately 50 miles per day. 

We will assume the station wagons/sedans will 
average 17 miles to a gallon and gasoline would be 
$0.60 per gallon. With 312 workdays during the 
year and the car being driven approximately 50 
miles each workday, gasoline costs for one of these 
cars for 1 year would be approximately $550. 

Assuming the compact cars will average 25 miles 
to a gallon, then gasoline costs for one of these com- 
pacts for 1 year would be $375. It will be assumed 
that half of the 2,388 required vehicles will be rented 
station wagons/sedans and the other half will be 
rented compact cars. In summary: 

1,194 vehicles at $549 per month 
for 12 months plus $550 
per car per year = $8,522,772 

and 
1,194 vehicles at $399 per 

month for 12 months plus 
$375 per car per year = $6,164,622 

for a total of $14,687,394 

In addition to the rental cost, each car must be 
washed at the end of each workday. In the past, this 
has been contracted at a rate of $0.50 per wash. The 
cost of washing 2,388 cars at least once a day each 
workday would be $372,528 (2,388 X 0.50 X 312). 
When this is added to the rental costs above, the 
total cost of transportation for the vaccination teams 
would be $15,059,922. 

In summary, the total cost of the vaccination 
teams in a vaccination program against FMD as 
described would be: 

Cost of salaries (table 3-6)       $105,817,390 
Cost of equipment and supplies 

(table 3-7) 8,861,178 
Cost of transportation 15,059,922 

Total        $129,738,490 

District Offices 

Our first estimate of the cost of the levels of 
supervisory/administrative control will be the cost 
of the district offices. As was done for the vaccina- 
tion teams, the cost of these district offices will be 
divided into three categories: (1) salaries, (2) facili- 
ties and supplies, and (3) transportation. It will be 
assumed that one district office can coordinate ap- 
proximately 20 vaccination teams, assuming in addi- 
tion that each of these offices would be staffed by 
the following: 

4 personnel (GS 12/5) responsible for epi- 
demiologic investigation and supervision 
and coordination of the vaccination teams 
and of the teams involved in sérologie sur- 
vey for vaccine evaluation. More will be 
said about this vaccine evaluation group at 
a later time. 
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8 personnel (GS 3/1) for clerical duties as 
well as courier duties involving distribu- 
tion of vaccine and supplies and delivery 
of samples from the field. 

The number of district offices needed in each 
State, assuming one office per 20 vaccination teams 
is shown in table 3-8. Table 3-6 shows the annual 
cost in salaries that would be generated by district 
offices as described above. The total annual cost in 
salaries for the 240 GS 12/5's and 480 GS 3/1's 
would be $16,103,606. 

Table 3-8.    Vaccination teams and district offices needed 
/or a theoretical vaccination program for foot-and-mouth 

disease 

Number of Number of Number of 
vaccination district personnel needed 

teams offices to staff the 
needed! needed^ district offices 

GS 12/5 GS3/1 

State (4 per 
office) 

(8 per 
office) 

North Dakota 59 3 12 24 

South Dakota 122 6 24 48 

Nebraska 205 10 40 80 

Iowa 503 25 100 200 

Wisconsin and 
Upper Peninsula 

of Michigan 128 7 28 56 

Minnesota 177 9 36 72 

Subtotal 240 480 

Total 1.194 60 720 

iProm table 3-5. 
2it is  assumed  that one  district  office  can supervise  approximately 20 
vaccination teams. 

The next major category of costs resulting from 
the formation and operation of these district offices 
would be the cost of facilities and supplies. The 
following estimates are based on past experience of 
USDA/APHIS operations in the field. These esti- 
mates represent the cost of one office for 1 year. 

Office space (500 sq. ft. X 
$7.50 per sq. ft] = $3,750 

Furnishing rental, communications, 
utilities = 5,000 

Supplies and equipment = 1,000 

Total $9,750 

It will be assumed that in order to operate one 
district office for 1 year, the cost would be $9,750, 
or a total of $585,000 for facilities and supplies for 
all 60 district offices. 

The last major category of expense generated by 
the district offices would be the cost of transporta- 
tion. It will be assumed that six cars will be needed 
for each office. This would allow one car for each 
of the GS 12/5 personnel and a minimum of two 
other cars available for the couriers. It will also be 
assumed that two of the six cars will be GSA cars 
and the other four will have to be rented. Further- 
more, it will be assumed that two of the rental cars 
will be the compact type and two will be the station 
wagon/sedan type as discussed earlier. 

Past experiences, particularly with the Exotic 
Newcastle Disease outbreak in California, have 
shown that a GSA car can be operated for about $11 
per day including gasoline. Assuming two GSA cars 
for each of 60 teams at $11 per day for 365 days, the 
annual expense would be $481,800. The cost of the 
rental cars will be computed in the same manner 
used for the cars for the vaccination teams. 

120 sedans/station wagons = $856,560 per year 
120 compact cars = 619,560 per year 

When the expense of GSA cars is added to the 
expense of these two types of rental cars, the cost 
of transportation for the 60 district offices for 1 year 
would be $1,957,920. 

In addition to the direct cost of transportation as 
computed above, there will be the cost of washing 
the cars. Of course, not every car will need to be 
washed every day because not all of the cars will be 
going onto premises each day. However, we will 
assume that an average of three of the six cars will 
be washed each workday. That would mean $0.50 
per car per day for 312^ workdays for 180 cars, or 
$28,080. When this cost is added to the other costs 
of transportation, the total cost of transportation 
would be $1,986,000. 

In summary, the cost of operating 60 district 
offices will be estimated as follows: 

Cost of salaries (table 3-6) $16,103,606 
Cost of facilities and supplies 585,000 
Cost of transportation 1,986,000 

Total $18,674,606 
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State Offices 

It will be assumed that each State will have one 
main office through which coordination of the vac- 
cination, quarantine, and slaughter efforts will be 
handled. As stated earlier, the Upper Peninsula of 
Michigan will be handled with the Wisconsin con- 
tingency, and thus there will be six State offices. It 
will be assumed that each office will be staffed by 
the following personnel: 

1 GS 14/5 Veterinarian-in-charge 
1 GS 13/5 Assistant veterinarian-in-charge 
4 GS 12/5's One information officer and 

three veferinarians 
4 GS 11/5's Enforcement officers 
6 GS    4/1's Clerks/typists 

10 GS    3/l*s Clerks/couriers 

26 people 

Salaries for these personnel for 1 year, as com- 
puted in table 3-6, equal $3,651,306. 

In estimating the cost of facilities and supphes for 
these six State offices, past experience of APHIS/VS, 
Emergency Programs Office will again be used as 
follows: 

Office space $ 8,500 
Furnishings, communications, 

utilities 25,000 
Supplies and equipment 13,500 
Miscellaneous expenses 10,000 

Total $57,000 

Assuming six State offices, each costing $57,000 
annually, the total yearly operating cost would be 
$342,000. 

The last major operational expense for these State 
offices would be transportation. Table 3-9 illustrates 
the assumptions that will be used in terms of number 
of vehicles needed as well as the source (GSA or 
rental) and subsequent cost of these vehicles for 1 
year. 

In addition to these direct transportation costs, 
there will also be the added cost of car washes. 
Those vehicles used for courier duty will not require 
this procedure on a daily basis because it will be 
assumed that they will be utilized only on trips 
between State and district offices, not on trips to 
possibly contaminated premises. This assumption 
will also be used in reference to the vehicles used 
by the GS 14/5 and 13/5 personnel as well as the 
information officer (GS 12/5) for each State. It will 
then be assumed that the vehicles utilized by most 
of the GS 12/5's and all vehicles utilized by the 

GS 11/5 personnel will be washed each workday at 
$0.50 per wash. Consequently, 42 vehicles (24 driven 
by GS 11/5 personnel and 18 driven by GS 12/5 
personnel, excluding the information officer of each 
State) would be washed each workday. The annual 
cost would be $6,522 (42 X 0.50 X 312). 

TABLE 3-9. Annual vehicle requirements and costs for six 
State offices needed for a theoretical vaccination program 
for foot-and-mouth disease 

Personnel Vehicle 
staffing the requirements Source of Annual cost 
six offices for six offices vehicles of vehicles 

6 GS 14/5 6 GSA $ 24,0901 
6 GS 13/5 6 GSA 24,090 

12 GS 12/52 12 GSA 48,180 
12 GS 12/52 12 Rental 61,9563 
24 GS 11/5 24 GSA 96,360 
36 GS 4/1 N.A. N.A. N.A. 
60 GS 3/1 24 Rental 171,312* 

Total 156 people        84 $425,988 

'^It will he assumed that a GSA vehicle will cost $11 per day. Thus, this 
^gure is obtained by multiplying 11 by 365 (cost of one car for 1 yearj 
and then hy the number of vehicles required. 
^It will be assumed that half of the cars needed for the GS 12/5 personnel 
will be GSA vehicles and half must be rented. 
3 These rental vehicles will be the compacts as discussed previously. Thus, 
their cost will be assumed to be $5,163 per car per year ($399 per car per 
month for 12 months plus $375 per car per year for gasoline). 
* These rental vehicles will be used by the couriers and it will be as- 
sumed that sedans or station wagons as discussed wiJI be needed since 
delivery of vaccine will be one of their major duties. Cost will be as- 
sumed to be $7,138 per car per year ($549 per car per month for 12 
months pJus $550 per car per year for gasoline). 

One other added expense incurred by the State 
offices will be the added travel expense of the en- 
forcement officers. Based on past experience of field 
operations, this added expense will be assumed to 
be $5,000 per officer per year for a total added an- 
nual expense of $120,000 ($5,000 X 24). 

In summary, annual transportation expenses for 
six State offices will be estimated as listed below: 

Vehicles (table 3-8) $425,988 
Car washes 6,552 
Expenses for enforcement 

officers 120,000 

Total $552,540 

Thus, it will be assumed that six State offices 
operating for 1 year would incur costs as listed 
below: 

Cost of salaries (table 3-6) $3,651,306 
Cost of facilities and supplies 342,000 
Cost of transportation 552,540 

Total $4,545,846 
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Emergency Programs Office 

One more major administrative level will be di- 
rectly involved in a compulsory vaccination program 
as described thus far. The Office of Emergency Pro- 
grams (APHIS) would not be entirely utilized in such 
an effort, but major portions of it would be directly 
involved, and thus at least the salary costs of certain 
personnel would be a direct expense of a vaccina- 
tion/quarantine/slaughter program. The following 
assumptions will be made as to the Office of Emer- 
gency Programs. 

It will be assumed that no overtime will be paid at 
this administrative level, nor would the payment of 
per diem or normal transportation expenses be 
applicable. The cost of facilities, equipment, and 
supplies at this level will be assumed to be minor 
and thus will not be estimated. The major expense 
of the Office of Emergency Programs levied against 
a vaccination/quarantine/slaughter program would 
be the salaries of selected positions in the Hyatts- 
ville office, follows: 

1 GS 16/5    Chief, Emergency Programs (it will 
be assumed that one-half of a 
40-hour workweek would be 
taken up by matters directly 
related to the FMD campaign). 

1 GS 15/5    Chief, Field Operations 
1 GS 14/5    Epidemiologist 

1 GS 12/5 
1 GS 5/5 
2 GS 4/5 
2 GS 3/5 

9 Total 

Information Officer 
Secretary 
Secretaries 
Clerks 

The salaries of these personnel, as shown in table 
3-6, total $175,989. 

Vaccine Evaluation Teams 

The cost incurred by the vaccine evaluation teams 
will be the last major cost item to be estimated for a 
vaccination program. As stated earlier, the following 
assumptions will be made in relation to these special 
teams. It will be assumed that 80 percent of the 
animals in a vaccinated herd will develop detectable 
antibody after vaccination. We will then assume that 
it will be desirable to serologically test 10 percent of 
the herds vaccinated and, within those herds, take 
blood samples from approximately 2 percent of the 
herd or 10 animals, whichever is greater. In order to 
estimate the cost of this testing, we must first 
estimate the magnitude of the samples to be drawn. 
Table 3-10 illustrates the number of herds of cattle, 
swine, and sheep in the various States under con- 
sideration as well as the average number of animals 
in each herd. 

Table 3-11 illustrates the average number of 
animals that we would expect to be tested for the 

Table 3-10.    Livestock herds and populations of selected Midwestern States 

Herds of Number of Average Herds of Number of Average Flocks of Number of Average 
State cattle 1 cattle 1 per herd swine 3 swine 3 per herd sheep^ sheep* per flock 

North Dakota 24,500 2,235,000 91 8,100 322,000 40 2,300 262,000 114 

South Dakota 34,000 3,650,000 107 17,500 1,700,000 97 5,800 659,000 114 

Nebraska 53,000 6,450,000 122 29,000 3,050,000 105 3,200 210,000 66 

Iowa 92,000 7,650,000 83 84,000 13,400,000 160 12,500 388,000 31 

Wisconsin 84,000 4,275,000 51 25,000 1,350,000 54 2,900 80,000 28 

Upper Peninsula 1,800 80,355 45 35 2,000 57 39 1,900 49 

of Michigans (37,000) (1,650,000) (12,500) (715,000) (3,000) (149,000) 

Minnesota 73,000 4,000,000 55 39,000 3,700,000 95 7,500 275,000 37 

Total 362,300 28,340,355 78 202,635 23,524,000 116 34,239 1,640,100 48 

1 These figures represent the number of herds for 1976 as reported by U.S. Department of Agriculture, Statistical Reporting Service, Crop Reporting 
Board, "Cattle," Released Feb. 2, 1977, pp. 11-16. The numbers represent herds of both beef and dairy cattle. 
3 Percentages as explained in note 5 of table 3-1 were arbitrarily applied to the herd and population figures for the entire State of Michigan. Even though 
those percentages were based on populations and not herd numbers and were from the 1969 Census of Agriculture, no other feasible method of de- 
termining figures for the Upper Peninsula of Michigan was available at the time of this writing. The number in parentheses represent the numbers 
reported for the whole State of Michigan. 
3These figures represent the number of herds and swine for 1974 as reported by U.S. Department of Agriculture, Statistical Reporting Service, Crop 
Reporting Board, "Hogs and Pigs," Released Dec. 23, 1974, p. 20. A more current report was not available that reported the number of herds as well as 
inventory figures. 
* These figures represent the numbers of flocks and sheep for 1976 as reported by U.S. Department of Agriculture, Statistical Reporting Service, Crop 
Reporting Board, "Sheep and Goats," Released January 27, 1977, pp. 3 and 5. 
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Table 3-11.    Number of animals to be tested for evaluation 
of the vaccination program ^ 

State Cattle Swine Sheep Total 

North  Dakota 24,500 8,100 2,300 34,900 
South Dakota 34,000 17,500 5,800 57,300 
Nebraska 53,000 29,000 3,200 85,200 
Iowa 92,000 84,000 12,500 188,500 
Wisconsin 84,000 25,000 2,900 111,900 
Upper Peninsula 

of Michigan 1,800 35 39 1,874 
Minnesota 73,000 39,000 75,000 119,500 

Total: 599,174 

1 Assuming that 10 percent of the vaccinated herds or /locks will be tested 
and within a herd or flock samples will be taken from 2 percent of the 
animals, or a minimum of 10 animals in a particular herd or flock, then 
the average number of samples taken in each State would be the same as 
the number of herds in each State. This is due to the average number of 
animals in each herd or flock as seen in table 3-10. In other words, if 10 
percent of the cattle herds in North Dakota were tested, then 2,450 herds 
would be tested. With an average of only 91 animals per herd (table 3-10), 
the 2 percent quota per herd would represent only two samples taken 
from each herd. Thus, the 10-sample minimum would apply as it does in 
all other cases (swine and sheep). Then if 10 serum samples were taken 
from 2,450 herds, 24,500 samples would be collected, the same number as 
the number of herds of cattle. 

purposes of evaluation of the vaccine. This equals 
approximately 600,000 animals. It will be assumed 
that three separate sets of samples w^ill be taken 
during the year in order to evaluate the vaccine at all 
stages of its administration. Consequently, the total 
number of samples vy^ould equal approximately 1.8 
million. 

There v^ill be tv^o categories of costs associated 
v^ith these evaluation teams: (1) the cost of testing 
the serum samples and (2) the cost of salaries, equip- 
ment and supplies, and transportation for the team 
members. In reference to the first category, the 
mouse protection test is considered the test of choice 
by Plum Island Animal Disease Center (PIADC) in 
determining FMD vaccinal immunity. PIADC esti- 
mates this test costs about $2.50 per individual 
serum. If 1.8 million sera must be tested during the 
year at $2.50 per serum, the cost would be $4.5 
million. 

In reference to the second category, the costs 
generated by the teams themselves, certain assump- 
tions must first be made as to workload and compo- 
sition of these teams. It will be assumed that each 
of these teams can collect 100 samples per day. This 
is lower than the assumption of the number of 
animals that can be vaccinated in 1 day because 

of several inefficiencies inherent to these teams. 
First, blood samples must be taken, which requires 
more time than the vaccination process. 

Second, fewer animals in a particular herd will be 
handled, thus requiring more stops per day than 
might be necessary with a vaccination team. For 
example, whereas a vaccination team may be kept 
busy all day with one herd, it is possible that the 
vaccine evaluation team, once it has collected 
samples from 2 percent of the animals in that herd 
(or a minimum of 10 samples), would move on to 
another herd. This would result in additional con- 
sumption of time in terms of cleaning and dis- 
infecting between premises. In summary, due to the 
inefficiencies of the vaccine evaluation procedure as 
stated above, it will be assumed that an average of 
100 samples will be collected each workday during 
the year in which vaccine is being used. 

In terms of the composition of these evaluation 
teams, it will be assumed that they will be made up 
of the same number of personnel with the same 
GS ratings as a vaccination team—one GS 9/5 and 
five GS 3/1's. 

Table 3-12 illustrates the number of vaccine 
evaluation teams and personnel needed, assuming 
that one six-man team can collect 100 samples each 
workday. The requirements for teams are based 
separately on each State for organizational pur- 
poses. The cost of salaries for the personnel staffing 
these teams is calculated in table 3-6 and shows an 
annual cost of salaries to be $5,228,833. 

With some exceptions, the equipment and sup- 
plies required for one of these evaluation teams will 
be very similar to those of a vaccination team. 
Table 3-7 lists the supplies and equipment needed 
for the vaccination teams. It will be assumed that 
the evaluation teams will not need the automatic 
syringes nor chutes or headgates. It will be assumed 
that there will be enough chutes and headgates avail- 
able for use by these special teams without con- 
sidering the need for more. When the cost of these 
items is subtracted from the "subtotal cost per 
team" figure of table 3-7, we get $2,060, which we 
will assume will be the base cost for equipment and 
supplies for one vaccine evaluation team for 1 year. 
Thus, the annual base cost of equipment and sup- 
plies for all vaccine evaluation teams would be 
$121,564. To this will be added the additional mis- 
cellaneous cost of needles and test tubes needed 
for collecting the samples. 
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Table 3-12.    Vaccine evaluation team requirements for a 
theoretical vaccination program for foot-and-mouth disease 

Number of 
samples 
collected Number Number of 

during the of teams personnel 
State yeari needed^ needed 3 

GS 9/5      GS 3/1 

North Dakota 104,700 4 4 20 
South Dakota 171,900 6 6 30 
Nebraska 255,600 8 8 40 
Iowa 565,500 18 18 90 
Wisconsin 335,700 11 11 55 
Upper Peninsula 6,000 04 0 0 

of Michigan (5,622) 
Minnesota 358,500 12 

Subto 

12 60 

tal   59     + 295 

Total 1,797,900 59 354 

^These figures are based on the assumption that the number of animals 
shown in table 3-11 will be tested three times during the year, 
2These figures are based on the assumption that one team can collect 100 
samples a day for 312 working days during the year. 
8 These figures assume that each team will he composed of 1 GS 9/5 and 
five GS 3/ls. 
*it will be assumed that the requirements for the  Upper Peninsula of 
Michigan will be handled by the Wisconsin contingency. 

Assuming 1.8 million samples will be collected 
during the year, the cost of needles (I-V2 inches, 
18 gauge) at $3.30 per box of 100 would be $59,400. 
Assuming approximately 2 million test tubes (vacu- 
tainer-type tubes) will be needed at $55.90 per case 
of 1,000, the cost of test tubes for 1 year would be 
$111,800. In summary, the annual cost of equipment 
and supplies for these 59 special evaluation teams 
will be estimated at $292,764. 

The last major cost associated with the vaccine 
evaluation teams is the cost of transportation. As 
with the vaccination teams, it will be assumed that 
each evaluation team will need 2 vehicles, or 118 
vehicles altogether. It will also be assumed that 
each team will need one sedan/station wagon for 
transport of the team and one compact car for use 
by the advance man of each team. So each team will 
need one full-size car at $549 per month for 12 
months, or $6,588 annually, and one compact car at 
$399 per month for 12 months or $4,788 annually. 
Since these teams will have greater areas to cover 
than the vaccination teams, it can be expected that 
greater distances would be traveled by these teams 
than by the average vaccination team. For instance, 
North   Dakota   will   have   59   vaccination   teams 

throughout the State (table 3-5), but only 4 vaccine 
evaluation teams (table 3-12). So it will be assumed 
that gasoline consumption will be twice as high (100 
miles per day) as that estimated for the vaccination 
teams (50 miles per day). Consequently, the annual 
cost of gasoline for one sedan/station wagon will be 
estimated at $1,100 and the corresponding gasoline 
cost for one compact car will be estimated at $750. 
In summary, annual transportation costs for one 
team will be estimated at $13,226, or $780,334 
annually for all 59 teams. 

The total estimated cost of the vaccine evaluation 
teams (sera testing, salaries, equipment and supplies, 
and transportation) would be $10,801,931. 
Summary 

The major direct costs of a compulsory vaccina- 
tion program as described can be summarized as 
follows: 

Cost of producing the vaccine: 
$0.30 X 112 million 

Cost of testing the vaccine: 
($152,160/1 million doses) X 112 

Cost of transporting the vaccine 
Cost of storing the vaccine 

Cost of the vaccination teams: 
Salaries $105,817,390 
Equipment & supplies        8,861,178 
Transportation 15,059,922 

$ 33,600,000 

17,041,920 
461,750 

56,092 

Subtotal $129,738,490 129,738,490 

Cost of the district offices: 
Salaries $16,103,606 
Facilities & supplies 585,000 
Transportation 1,986,000 

Subtotal $18,674,606 18,674,606 

Cost of state offices: 
Salaries $3,651,306 
Facilities & supplies 342,000 
Transportation 552,540 

Subtotal $4,545,846 4,545,346 
Cost of the Office of Em lergency Programs    175,989 

Cost of the vaccine evaluation teams: 
Sera testing $4,500,000 
Salaries 5,228,833 
Equipment & supplies 292,764 
Transportation 780,334 

Subtotal $10,801,931 

Total 
10,801,931 

$215,096,624 
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The final figure of over $215 million represents 
estimated costs of a compulsory vaccination pro- 
gram in a multistate area of the United States for 
1 year. However, some expenses have most as- 
suredly been overlooked, and thus this figure can 
be considered to be a minimum cost. It has been 
suggested that the figure be increased by 50 percent 
to cover the unquantifiable costs of expenditures of 
other agencies and divisions of support within 
USDA. For example, there would be costs for con- 
tracting officers, information services, unanticipated 
research projects, private contracts dealing with 
special problems, and the cost of handling tort 
claims and other legal ramifications. If 50 percent 
were added to this total cost, a final estimate would 
be $322,644,935. 

The Surveillance Program 

As mentioned previously, the intense vaccination 
program would be in effect for only 1 year. After 
that, surveillance efforts would continue for another 
2 years. It will be assumed that much of the struc- 
ture already existing for the vaccination program 
will continue to function with only slight change in 
work functions. The most major change to be 
assumed would be replacement of the vaccination 
teams by the evaluation teams as the basic work 
unit. We will assume that these former vaccine 
evaluation teams will be adequate in terms of num- 
ber of field people needed for sample collection for 
the purpose of disease surveillance. The rest of the 
administrative structure would remain basically un- 
changed. 

In summary, direct costs of a surveillance pro- 
gram which can be immediately identified are listed 
below. These costs represent the continued func- 
tioning at the same level of these offices from the 
vaccination program. 

Cost of the surveillance teams ^ 
Cost of the district offices 
Cost of the State offices 
Cost of the Office of 

Emergency Programs 

$10,801,931 
18,674,606 
4,545,346 

175,989 

Total    $34,197,872 

This figure of approximately $34 million repre- 
sents the estimated cost of a surveillance program 
for FMD for 1 year after completion of the vaccina- 
tion program. If we assume a 2-year surveillance 
program, the estimated cost would be $68,395,744. 
If 50 percent of this figure were added to it for 
reasons discussed under the vaccination program, 
the final figure would be $102,593,616. 
s These teams were formerly referred to as vaccine evaluation teams. 

The next major section of cost estimation for the 
theoretical control program will deal with maintain- 
ing the quarantine. 

The Quarantine Program 

Many control strategies have been used in various 
campaigns against FMD, one of which is the quaran- 
tining of various geographical areas. When strictly 
applied and enforced, a quarantine can be an effi- 
cient tool against certain infectious diseases. In 
reference to our theoretical outbreak in the United 
States, it will be assumed that at the same time the 
decision is made to use vaccine, a strict quarantine 
will be in effect. Very possibly the quarantine of a 
multistate area would be in effect even before the 
decision to use vaccine is made. This would prob- 
ably also be true of the one-State area to be dis- 
cussed later. 

Figure 3-2 illustrates the multistate area we will 
assume will be under quarantine. It should be made 
clear at this point that the quarantine we will be 
referring to here and throughout this paper refers 
to movement restrictions applied to a large geo- 
graphical area. Premise quarantine would, of course, 
be applied to any infected premise, but when the 
term quarantine is referred to in this paper, it will 
mean a larger area quarantine as exemplified by one 
or more States. 

The legend of figure 3-2 refers to four categories 
of quarantine facilities, the first two referring to 
inspection posts on roads and highways. It will be 
assumed that most of these posts will be manned 
24 hours a day to prevent exit of animals and/or 
animal products from the area. It will also be as- 
sumed that the major highways, for example the 
interstate highways, will require two or more men 
at each post. The smaller highways will need only 
one man per post and the smallest roads (gravel, 
dirt, etc.) will be closed to through traffic for the 
duration of the quarantine. 

In determining the location of theoretical quaran- 
tine posts, as displayed in figure 3-2, State lines 
were not strictly observed, as can be seen. If a road 
forked before or after a State line, it was assumed 
that the inspection post would be located before the 
fork so as to necessitate only one post instead of 
two. Thus, some posts may be located a few miles 
on either side of a State line. 

It will be assumed that inspection at the two major 
ports indicated in figure 3-2 (Milwaukee and Duluth) 
will be handled by the USDA/APHIS, Plant Protec- 
tion and Quarantine personnel permanently assigned 
there for other inspection purposes. Temporary duty 
stations must, however, be set up at the other in- 
spection post sites shown. Table 3-13 enumerates 
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the number and types of inspection posts needed for 
the theoretical quarantine area. 

As mentioned previously, the full quarantine 
period would extend for 3 years—1 year during 
which the compulsory vaccination program is in 
operation followed by a 2-year surveillance period 
during which no vaccinations are allowed. It would 
be impractical to assume that all movement out of 
the quarantine area would be stopped for 3 years. 
This would not be tolerated. Consequently, it will be 
assumed that the first 2 weeks of a quarantine period 
will strive for a total stoppage of movement of live 
animals and possibly animal products out of the 
quarantine area. After this initial 2-week period, the 
quarantine posts would become inspection posts 
used to assure that any animals or animal products 
moving out of the area have adequate safeguards. 
It is not within the scope of this paper to discuss in 
detail either the ramifications of allowing movement 
of animals and/or animal products out of the quar- 
antine area or the safeguards needed to minimize 
the danger of this procedure. It will be assumed that 
the quarantine inspection posts will be maintained 
for 3 years. Consequently, the costs of maintaining 
the quarantine in whatever form it takes will be 
based on a 3-year period. This 3-year period is, of 
course, also based on the previous assumption that 
intense compulsory vaccination in this area for 1 
year would be successful in reducing the occurrence 
of the disease to a point where it could be handled 
by a slaughter program alone. 

The cost of maintaining the quarantine in a multi- 
state area (figure 3-2) will be divided into two basic 
components: (1) cost of inspection post personnel 
and (2) cost of facilities and supplies for the inspec- 
tion posts. 

Inspection Post Personnel 

It will be assumed that the posts located on the 
major highways will be manned 24 hours a day, 
7 days a week, as will many of the posts on the 
smaller highways. Thus three 8-hour shifts will be 
required each day at most posts, and each one-man 
post will need four personnel. The latter is based on 
the assumption of 168 hours during the week and 
an average workweek of 40 hours. Four personnel 
could thus handle this with a small amount of over- 
time for each (2 hours of overtime per person per 
week). The 13 major posts (two-man posts from 
table 3-13) would require 8 persons each, or 104 
persons in all. It will be assumed that 80 percent of 
the one-man posts will need 4 persons each for 
56 posts (table 3-13), or 224 persons in all for a 
total of 328 persons manning 24-hour posts. 

Table 3-13.    Foot-and-mouth disease quarantine inspection 
posts for a hypothesized area of the United States 

One-man Two-man Closed 
State posts posts roads 

North Dakota 5 2 1 
South Dakota 5 1 3 
Nebraska 29 2 26 
Iowa 18 5 9 
Wisconsin 151 2 10 
Upper Peninsula 

of Michigan — 1 — 

Total 70 13 49 

1 Two of these one-man posts are car/truck ferry ports. 

As mentioned earher, it would probably not be 
necessary for all of these one-man posts to be 
manned 24-hours a day; thus, certain of these roads 
would be closed for an 8-hour period each day. 
This would be in addition to the 49 small roads 
(table 3-13) that would be closed for the whole 
3-year period. We have thus assumed that 14 of the 
70 one-man duty stations (20 percent) would be 
closed part of the day. These posts would then 
require only two 8-hour shifts per day and 3 per- 
sonnel to man the post per week, or 42 persons in 
all. The two car/truck ferry ports mentioned in 
table 3-13 would probably be included in this 20 
percent of one-man posts, and will be treated in the 
future under the same assumptions as any of the 
other one-man posts. The costs of manning inspec- 
tion posts at the two major ports will be based on 
USDA positions presently existing at these sites. 

It will be assumed that persons hired at a GS3/1 
level would man the posts and be supervised by 
personnel at a GS9/5 level. It will also be assumed 
that one supervisor can oversee approximately 10 
inspection posts. Nine supervisors would be needed 
for the 83 quarantine inspection posts. Since the 
supervision of 10 inspection posts can represent a 
rather large geographical area, it will be assumed 
that these GS9/5 personnel will be granted per diem 
at least for half of the days during the year. Travel 
expenses would also be incurred by these super- 
visors in the form of rental vehicles. 

The weekly wage for a GS3/1, as shown in table 
3-6, column c, is $156.80. When 2 hours of over- 
time per week are added to this (table 3-6, column 
d.), the weekly wage becomes $168.56 for each of the 
328 persons manning 24-hour posts. The total annual 
salary for these people would then equal $2,874,959 
(168.56 X 52 X 328). 

To this figure would be added the salaries of 
those 42 GS3/l's assigned to posts where only two 
shifts are operated each day (20 percent of the one- 
man posts). Overtime would not be involved in this 
case, and so the total annual salary for these people 
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would be $342,451 (156.80 X 52 X 42), or a total of 
$3,217,410 for all the GS3/1 personnel manning the 
posts. 

In reference to the salaries of the GS9/5 super- 
visors, it will be assumed that there will be a 6-day 
workweek and thus 8 hours of overtime per week. 
Table 6, column g., shows a yearly wage for one of 
these GS9/5 people as $22,850.88. To this would be 
added per diem for 156 days (half of the work days 
in 1 year, assuming a 6-day workweek) at $35 per 
day for a total of $28,310.88 in salary and per diem 
per man per year. This would mean a cost of 
$254,798 for the nine supervisors for 1 year. 

To the above costs would be added the cost of 
the compact rental vehicles for the GS9/5 super- 
visors. Estimates of these costs have been shown 
previously to equal $5,538 per vehicle per year for 
the vaccine evaluation teams. It should be noted 
that this figure assumes more miles driven per day 
(100 miles) than was previously assumed for the 
vaccination teams (50 miles). This higher figure is 
used because of the wide geographic distribution of 
the inspection posts as compared to the general area 
in which vaccination teams would be operating. The 
cost of nine vehicles for the supervisors will thus 
be estimated at $49,842 per year. 

As stated earlier, the inspection responsibilities 
at the two major posts designated in figure 3-2 
would be handled by currently assigned Plant Pro- 
tection and Quarantine personnel. At present, there 
is one man stationed at each of these posts with an 
approximate GS rating of 11/5. 

Since not all of the duties of these two men 
would be involved in maintaining an FMD quaran- 
tine, not all of their salary can be directly attributed 
to the cost of the quarantine program. It will thus 
be assumed that half of their annual salary (over- 
time, per diem, and transportation expenses not 
included) will be attributed to the FMD quarantine 
program. Table 3-6 shows the weekly salary of a 
GSll/5 as $408.80 (column c), or an annual salary 
of $21,255. Half of the salary of two GSll/5 per- 
sonnel would equal the same. Thus, $21,258 will 
be added to the annual cost of maintaining the 
quarantine. 

In summary, the estimated expenses incurred by 
quarantine inspection personnel for 1 year are as 
follows: 

Salaries of GS3/1 personnel 
Salaries, per diem and 

$3,217,410 

transportation expenses 
for GS9/5 personnel 

Salary of GSll/5 
304,640 
21,258 

Total    $3,543,308 

The other major cost component of maintaining 
a quarantine is the cost of facilities, equipment, and 
supplies. 

Facilities, Equipment, and Supplies 

Within this cost category will be estimated the 
cost of signs needed to warn travelers that they are 
entering or leaving a quarantine area, the cost of 
shelters and equipment for inspectors located in 
isolated areas, and the cost of erecting physical 
barriers on roads designated for closure for the 
duration of the quarantine. 

In reference to the warning signs, it will be 
assumed that each entry point will be preceded by 
a warning sign informing people with live animals 
(domestic species as indicated elswhere) that they 
are entering a quarantine area. One sign will be 
adequate since it will be assumed that the number 
of animals attempting to enter the quarantine area 
will be of minor importance for obvious reasons. It 
will be assumed that exit points will have at least 
two warning signs preceding them, indicating the 
need for certain travelers to stop for inspection 
(those with live domestic animals as well as those 
with animal products considered as potential ve- 
hicles of the FMD virus). In addition, it will be 
assumed that the interstate highways will need 
four warning signs preceding a quarantine exit point. 
In summary, it will be assumed that 132 entry 
warning signs (1 per entry point including the closed 
roads—table 3-12) and 241 exit warning signs (2 per 
one-man post, 4 per two-man post, and 1 on each 
closed road), for a total of 373 warning signs, will 
be needed. 

It will be assumed that, on the average, each warn- 
ing sign will cost $100. This takes into consideration 
that the signs for the interstates will need to be 
larger than many of the others and thus more ex- 
pensive. This also takes into consideration the fact 
that these signs must last for 3 years, and includes 
the cost of erecting the signs as well as replacement 
of a certain number. Consequently, 373 signs at 
$100 each would represent an expense of $37,300. 

It must be assumed that each inspection post 
must have a minimal set of physical requirements 
for the protection and comfort of the inspectors. 
Some posts will be located in or very near towns 
where existing facilities can be utilized. Other posts 
will require temporary shelters (possibly camping 
trailers) to be set up. In either case, these posts must 
be equipped with heat and adequate lighting (out- 
door lights may be required at many locations) and a 
means of communication. Assuming State and mu- 
nicipal police forces will be in charge of the actual 
enforcement of the quarantine, communication with 
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this police force by the quarantine inspector is vital. 
Thus, it will be assumed that each of these inspec- 
tion posts will cost $2,000 per year to equip and 
maintain. Consequently, the cost for all 83 posts 
would be $166,000 per year. 

The cost of erecting physical barriers across roads 
designated as closed for the duration of the quaran- 
tine will be the last major cost estimate in terms of 
maintaining the quarantine. Table 3-13 indicates that 
there are 49 such roads. It will be assumed that it 
will cost $1,000 to erect a barrier on one of these 
roads or $49,000 for all of them. This estimate is 
meant to include the cost of construction as well as 
materials. Speculation as to the'type of barrier con- 
structed will not be discussed, and the $1,000 figure 
is meant to represent a general average. In addition, 
14 one-man posts will be closed for an 8-hour period 
and will require temporary or movable barriers. The 
cost of these will be estimated at $500 each for a 
total of $7,000 per year for temporary or movable 
barriers. 

In summary, the cost of maintaining the quaran- 
tine for 1 year in terms of facilities and supplies 
will be estimated as follows: 

Warning signs 
Facilities and equipment 
Barriers 

$ 37,300 
166,000 

56,000 

Total    $259,300 

When this figure is added to the cost of personnel 
needed for the quarantine program, the total esti- 
mated cost of maintaining the quarantine for 1 year 
is $3,802,608. Assuming the quarantine will continue 
for 3 years, the estimate of the 3-year total would 
be $11,221,224. This does not represent a simple 
tripling of the 1-year estimate since it will be as- 
sumed that the cost of the warning signs and the 
barriers would be incurred only once at the begin- 
ning of the quarantine effort. 

The Slaughter Program 

The purpose of this section is to compute the 
cost of slaughter of infected and exposed animals. 
In this instance, exposed animals refers only to 
those animals in close contact with infected animals, 
herdmates for example. A compulsory vaccination 
program as described previously will assume that 
outbreaks will continue to occur at least during the 
1-year period of intense vaccination. 

For the purpose of this study, we will assume that 
0.5 percent of the cattle, swine, and sheep in the 
n^ultistate area must be slaughtered due to infection 

''This section was written by Dr. Nasser Aulaqi, of the Department of 
Agricultural and Applied Economics, University of Minnesota. 

or exposure as described above. These depopula- 
tion activities would be carried out during the 1-year 
period coincident with the intense vaccination pro- 
gram. We will assume that in the following year, 
the number of outbreaks and resultant depopulation 
procedures will be insignificant from an economic 
point of view because of the vaccination effort. Live- 
stock inventory figures for 1976 are displayed in 
table 3-14. The estimated number of animals to be 
destroyed, assuming 0.5 percent of the animals of 
table 3-14 are either infected or exposed, equals 
140,700 cattle, 119,050 swine, and 10,800 sheep for a 
total of 270,550 animals. The cattle population was 
further broken down into dairy, feedlot, and other 
cattle according to existing proportions in the six- 
State area under consideration. It was assumed that 
about 19 percent of the cattle were dairy and about 
13 percent were in feedlots. Table 3-15 summarizes 
the classification and number of animals that we will 
assume will be slaughtered. 

Depopulation Procedures 

Before the costs of a slaughter program are com- 
puted, it is important to give at least a brief descrip- 
tion of the activities involved in operating such a 
program. Activities and costs will be divided into 
the following headings: 

Diagnosis 

The suspected premise is visited by a diagnostic 
team which checks the health of the animals and 
collects tissue and blood samples. 

Table 3-14.    Livestock populations of selected Midwestern 
States'^ (1,000 head] 

Cattle 2 • Swine 3 Sheep2 Total 

North Dakota 2,235 330 262 2,827 
South Dakota 3,650 1,500 659 5,809 
Nebraska 6.450 3,100 210 9,760 
Iowa 7,650 14,200 388 22,238 
Wisconsin 4,275 1,250 80 5,605 
Minnesota 4,000 3,600 275 7,875 

Total: 28,260 23,980 1,874 54,114 

"^US. Department of Agriculture, Statistical Reporting Service "Livestock 
and Meat  Statistics  Supplement  for 1976",   Statistical  Bulletin  No.  522, 
pp. 4-23. 
^Inventory numbers as of January 1, 1977. 
"Inventory numbers as of December 1, 1976. 

Table 3 
due 1 

-15.    Estimated number of animals to he slaughtered 
.0 infection or exposure to foot-and-mouth disease 

Dairy 
cattle 

Feedlot 
cattle 

Other 
cattle Swine Sheep Total 

26,170 18,291 96,239 119,050 10,800 270,550 
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Premise Quarantine 

When the diagnostic team confirms or reasonably 
suspects the presence of FMD on a premise, the 
area is quarantined immediately. A guard is sta- 
tioned at the gate of the farm on a 24-hour basis to 
insure compliance with the quarantine order. Quar- 
antine of the infected premise is maintained for the 
period necessary to accomplish appraisal, depopu- 
lation, disposal and cleaning, and disinfection of 
contaminated areas. 

Appraisal 

The next step in the depopulation process is to 
appraise the animals and materials to be destroyed. 
The task of the appraiser is to establish fair market 
values for all animals and materials to be destroyed, 
taking into consideration such factors as species, 
age, weight, quahty, and other relevant factors. 

Slaughter 

Depopulation is carried out under the supervision 
of a veterinarian. Animals to be slaughtered are 
driven to pens near burial sites and slaughtered in 
a humane manner. 

Carcass Disposal 
There are two basic methods for disposal: burial 

and cremation.  In this study, it is  assumed that 

burial will be the principal method of carcass dis- 
posal. Carcasses are disposed of by burial in 
trenches which are deep enough to allow coverage 
by at least 6 feet of soil. 

Cleaning and Disinfection 
All contaminated areas are cleaned thoroughly. 

Following cleaning, the premise is sprayed with an 
approved disinfectant solution. Yards, open pens, 
or sheds are raked and the accumulated materials 
buried or burned. 

FinaJ Inspection 
Following the cleaning and disinfection phase, a 

veterinarian conducts a final inspection of the prem- 
ises in order to insure that all procedures have been 
performed satisfactorily. 

Cost of the Slaughter Program 
The estimated cost of the slaughter program will 

be divided into two major components: (1) the cost 
of depopulation and (2) the cost of indemnification. 

Cost of Depopulation 

Estimated labor and time requirements for the 
depopulation activities outlined above are presented 
in table 3-16. These estimates are based on consul- 
tations with veterinary experts and actual historical 
data based on eradication  efforts  against similar 

Table 3-16.    Estimates of labor and time requirements for depopulation of premises with foot-and-mouth disease 

Dairy herd 
(40 head) 

Crew               Time 
hours 

Crevy 

Beef herd 
(50 head) 

Beef feedlot 
(175 head) 

Swine 
(100 head) 

Activity r                Time 
hours 

Crew                Time 
hours 

Crew 

1 
1 

Time 
hours 

Diognosis 
Diagnostician 
Assistant 

8 
8 

1 
1 

8 
8 

1 
1 

8 
8 

8 
8 

Appraisal 
Appraiser 8 1 4 1 8 1 4 
Slaughter"^ 
Vet. supvr. 
Laborers 

8 
8 

1 
3 

8 
8 

1 
6 

8 
8 

1 
4 

8 
8 

Disposal 
Vet. supvr. 
Mach. oper. 

2 
2 

1 
1 

2 
2 

1 
1 

8 
8 

1 
1 

2 
2 

Cleaning 
Vet. supvr. 
Laborers 

20 
40 

1 
4 

12 
24 

1 
4 

16 
32 

1 
4 

8 
16 

Disinfection 
Vet. supvr. 
Laborers 

8 
16 

1 
2 

8 
16 

1 
5 

20 
40 

1 
2 

8 
16 

Final inspection 
Laborers 4 1 4 1 4 1 4 
Security 
Laborer 168 1 168 1 240 1 168 

1 slaughter time includes the time to round up animals in a ditch for slaughter. 
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diseases. Table 3-17 displays the cost estimates of 
the depopulation activities for hypothetical model 
farms. 

The data in table 3-17 were utilized to estimate 
the total cost of depopulation of premises with FMD 
The results are presented in table 3-18. 

The cost data presented in table 3-18 do not 
include the administrative cost of operating the 
slaughter program nor the cost of supplies, such as 
protective clothing needed by the depopulation 
teams. These costs were arbitrarily assumed to 
represent 25 percent of the costs computed in 
table 3-18. Therefore, the total cost of depopulation 
of 0.5 percent of the cattle, swine, and sheep in a 
multistate area is estimated to be $12,871,449. 

Cost of Indemnification 

The prices used to appraise destroyed livestock 
were obtained from USDA's ''Agricultural Statistics 
—1976." This publication gives the value per head 
as of January 1976 for cattle, swine, and sheep. The 
cost of indemnification is given in table 3-19. 

Again, the costs in table 3-19 do not include over- 
head costs, such as administration. Also, in a de- 
population procedure with subsequent cleaning and 
disinfection, not only animals will be destroyed, but 
contaminated materials and feeds will need to be 
disposed of. It is difficult to compute these costs, so, 
consequently, it will be arbitrarily assumed that 
these costs will represent 25 percent of the direct 
cost of indemnification. Adding this additional cost 

Table 3-17.    Estimated cost of depopulation of premises 
with foot-and-mouth disease^ 

Table 3-18.    Total estimated cost of depopulation of 
premises with foot-and-mouth disease 

Activity 
Dairy herd 

(40 head) 
Beef herd 
(50 head) 

Beef feedlot 
(175 head) 

Swine 
(100 head) 

Diagnosis $183 $183 $183 $183 

Appraisal $142 $71 $142 $71 

Slaughter $265 $265 $388 $306 

Disposal $141 $141 $559 $260 

Cleaning and 
disinfection $1,700 $1,035 $2,430 $854 

Security $679 $679 $969 $678 

Final inspection       $45 $45 $45 $45 

Total: $3,155 $2,419 $4,716 $2,397 

Cost per animal      $79 $48 $27 $24 

^These cost estimates are based on the physical requirements presented 
in table 3-16 and the following assumptions: 

1. Costs are baseci on an 8-hour day. 

2. The hourly wage rate for veterinarians is assumed to be $11.14 fGS 
12/5) plus $35 per day (per diemj. The hourly wage rate for other 
labor is assumed to be $4.04 (GS 3/5]. 

3. It is • assumed that each veterinarian will require a vehicle at a cost 
of $17.50 per day. Other vehicles will be required at a rate of one 
vehicle for each two laborers. 

Number Cost per 
Species and class slaughtered 1 animal 2 Total cost 

Dairy cattle 26,170 $79.00 $2,067,430 

Feedlot cattle 18,291 $27.00 $493,857 

Other cattle 96,239 $48.00 $4,619,472 

Swine 119,050 $24.00 $2,857,200 

Sheep 10,800 $24.00 $259,200 

Total: $10,297,159 

1 Table 3-15 

^ Table 3-17 

to the direct indemnity costs, the total estimated 
cost of indemnification is $45,827,500. 

In summary, it is estimated that if a slaughter 
program involving 0.5 percent of the cattle, swine, 
and sheep in a multistate area is carried out, the 
total cost would be approximately $58.7 million. 

Table 3-19.    Estimated cost of indemnification 

Species Number Cost per animal Total cost 

Cattle 

Swine 

Sheep 

140,700 

119,050 

10,800 

$190 

$80 

$37.50 

$26,733,000 

$9,524,000 

$405,000 

Total: $36,662,000 

CONTROL OF FOOT-AND-MOUTH DISEASE 
IN A ONE-STATE AREA 

The Vaccination Program 

If we assume that the theoretical FMD outbreak 
was confined to a one-State area instead of a multi- 
state area (we will use Minnesota as an example), 
the following direct program costs would be ex- 
pected. These estimates, unless noted, are based on 
the same assumptions as outlined in detail for the 
multistate area. 

Vaccine Production 

According to table 3-4, 16,559,600 doses of vac- 
cine would be administered in Minnesota. At $0.30 
per dose, the estimated cost of vaccine production 
would be $4,967,880. 

Vaccine Testing 

Assuming the same circumstances. as outlined 
under this heading for the multistate area, the esti- 
mated cost of testing approximately 17 million doses 
of vaccine would be $2,586,720. 
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Vaccine Transportation 

Approximately 37 loads of vaccine would need to 
be transported for a campaign in Minnesota. As- 
suming $1,847 per load, the estimated cost of vaccine 
transportation would be $68,339. 

Vaccine Storage 

The estimated cost of vaccine storage for a one- 
State campaign would be $8,180 per year. 

Vaccination Teams 

As can be seen from table 3-5, a campaign in 
Minnesota would need 177 GS9/5 and 885 GS3/1 
personnel to staff the vaccination teams. 

Multiplying these figures by individual salaries as 
displayed in table 3-6, we see a total annual salary 
figure of $15,686,497. 

Assuming 177 vaccination teams working in Min- 
nesota with an estimated cost of equipment and 
supplies of $2,550.40 per team per year (table 3-7], 
the basic estimated cost of equipment and supplies 
for 1 year would be $451,420.80. To this would be 
added $150,000 (15 percent of the estimate for the 
multistate area based on table 3-3) for identification 
of vaccinated animals. Assuming approximately 17 
million doses of vaccine will be administered, the 
cost of needles would be $561,000 ($3.30 per box 
of 100). In addition, the cost of laundry of coveralls 
would be estimated at $150,000 for 1 year and the 
estimated cost of aluminum gates for holding pur- 
poses would be $18,000. Thus the total cost of equip- 
ment and supplies for 1 year for a campaign in one 
State would be estimated at $1,330,421. 

Transportation costs for the vaccination teams 
would be estimated at $1,263,426 for 177 sedan/ 
station wagons and $913,851 for 177 compact cars 
plus $55,224 for car washes. This totals $2,232,501 
for transportation of the vaccination teams for 
1 year. 

In summary, the cost of 177 vaccination teams in- 
volved in a FMD vaccination campaign for 1 year 
in one State would be estimated as follows: 

Cost of salaries $15,686,497 
Cost of equipment and supplies    1,330,421 
Cost of transportation 2,232,501 

Total    $19,249,319 

District Offices 

Table 3-8 shows that 36 GS12/5 and 72 GS3/1 
personnel would be needed to staff district offices 
in the State of Minnesota. 

Estimated salaries for these people, based on 
table 3-6, would be $2,415,541 annually. 

Assuming nine offices will be needed (table 3-8) 
at $9,750 per office per year, the cost of these offices 
would be estimated at $87,750 annually. 

Transportation costs would be estimated at $72,270 
per year for 18 GSA cars, $128,484 per year for 
18 sedan/station wagons (rental), and $92,934 per 
year for 18 compact cars (rental). When $6,396 is 
added for car washes, this totals $300,084 per year 
as an estimated cost of transportation. 

The annual estimated operational cost of eight 
district offices would be summarized as follows: 

Cost of salaries $2,415,541 
Cost of facilities and supplies 87,750 
Cost of transportation 300,084 

Total    $2,803,375 

State Office 

Salaries for staffing of one State office, based on 
table 3-6, would be estimated at $608,551 for 1 year. 
The cost of the facilities and supplies for one State 
office would be estimated at $57,000 annually. Esti- 
mated cost of vehicles for the State office would be 
$70,998 plus $1,092 for car washes and $20,000 
additional expenses for the enforcement officers for 
a total of $92,090 for transportation. Costs for one 
State office for 1 year would total $757,641. 

Emergency Programs Office 

It will be assumed that the Office of Emergency 
Programs will be involved to the same extent as 
previously discussed no matter whether FMD is 
confined to one State or a multistate area. So, the 
estimate of this cost is the same as that for a multi- 
state area, or $175,989. 

Vaccine Evaluation Teams 

In reference to the number of sera that would be 
tested, table 3-11 shows 119,500 animals would be 
tested in Minnesota. Assuming three sets of samples 
taken during the year, approximately 360,000 sera 
would be tested. At $2.50 per sera, this estimate 
would be $900,000. 

In reference to personnel salaries, equipment and 
supplies, and transportation, table 3-12 shows that 
12 teams staffed by 12 GS9/5's and 60 GS3/l's would 
be operating in Minnesota. Salaries for these people, 
based on table 3-6, would equal $1,063,491, and the 
other estimates are displayed in the following 
review. 

Summary 

In summary, the estimated annual direct program 
cost of a vaccination program in a one-State area 
(Minnesota) would be as follows: 
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Cost of: Cost of a State office: 

Producing the vaccine $4,967,880 Salaries $608,551 
Testing the vaccine 2,586,720 Facilities and supplies 57,000 
Transporting the vaccine 68,339 Transportation 92,090 
Storing the vaccine 8,180 Subtotal $757,641 757,641 

Vaccination teams: Cost of the Office of Emergency Programs 175,989 

Salaries $15,686,497 
Equipment and supplies    1,330,421 
Transportation 2,232,501 

District offices: 

Salaries 
Facilities and supplies 
Transportation 

$19,249,319        19,249,319 

$2,415,541 
87,750 

300,084 

$2,803,375 2,803,375 

State Office: 

Salaries $608,551 
Facilities and supplies 57,000 
Transportation 92,090 

$757,641 
Emergency Programs Office 

Vaccine evaluation teams: 
Sera Testing $900,000 
Salaries 1,063,491 
Equipment and supplies 56,724 
Transportation 158,712 

757,641 
175,989 

$2,178,927 

Total 

2,178,927 

$32,796,370 

If this figure were increased by 50 percent for 
the reasons discussed for the multistate area, we 
would have a final estimate of $49,194,555 as the 
cost of a vaccination program in one State. 

The Surveillance Program 

The direct costs of a surveillance program for 
1 year in a one-State area would be estimated as 
follows: 

Cost of 12 surveillance teams: 

Sera testing $896,250 
Salaries 1,063,492 
Equipment and supplies 56,591 
Transportation 158,712 

Subtotal $2,175,045 $2,175,045 

Cost of 5 district offices: 

Salaries $1,341,967 
Facilities and supplies 48.750 
Transportation 165,500 

Subtotal $1,556,217 1,556,217 

Total     $4,664,982 

This total figure represents estimated costs for 
1 year of surveillance. A 2-year surveillance pro- 
gram would equal $9,329,784. If this figure were 
increased by 50 percent for reasons discussed previ- 
ously, the final estimated cost of a 2-year surveil- 
lance program would be $13,994,676. 

The Quarantine Program 

As can be seen in figure 3-3, 52 one-man duty 
stations and 6 two-man stations are necessary in 
order to maintain a quarantine for a one-State area 
like Minnesota. In addition to these posts, approxi- 
mately 28 roads will need to be closed for the dura- 
tion of the quarantine period. 

If it is assumed that 42 (80 percent) of the one-man 
posts are manned 24 hours each day, 168 GS3/l's 
would be needed. Assuming that the other 10 posts 
(20 percent) will be manned 16 hours per day (closed 
8 hours per day), 30 more GS3/l's would be needed. 
To this would be added 48 GS3/l's who would man 
the two-man posts 24 hours a day. This would 
total 246 GS3/1 personnel at an annual salary of 
$2,137,874. Six GS9/5 personnel would be needed 
to supervise these 58 inspection posts and their 
salaries would be estimated at $169,865 annually for 
a total expense of $2,307,739 in salaries. 

Cost of transportation for the six supervisors 
would be estimated at $33,228 annually. Thus, total 
expenses incurred by quarantine inspection per- 
sonnel would be estimated at $2,340,967 annually. 

In terms of facilities and supplies, the cost of 
warning signs would be estimated at $24,200, assum- 
ing 242 signs (entry and exit) will be needed. The 
cost of facilities, equipment, and supplies for the 
58 posts would be estimated at $116,000 per year or 
$348,000 for the 3-year quarantine period. The cost 
of physical barriers for the 28 closed roads would 
be estimated at $28,000. The cost of barriers for 
those 10 posts that will be closed for certain periods 
of the day would be estimated at $5,000 for a total 
estimated cost for barriers of $33,000. 

In summary, the cost of maintaining a quarantine 
for 1 year in a one-State area like Minnesota would 
be estimated as follows: 
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Salaries of personnel $2,307,739 
Transportation 33,228 
Warning signs 24,200 
Facilities, equipment, supplies 116,000 
Barriers 33,000 

Total $2,514,167 

The estimated cost of maintaining a quarantine 
for 3 years would be $7,428,101. This is not just a 
iripling of the yearly figure for reasons discussed 
under the multistate area section. 

The Slaughter Program 

In this section, we will also use Minnesota as the 
basis for our estimates of a slaughter program in a 
one-State area. We will also assume that 0.5 percent 
of the cattle, swine, and sheep will be affected 
because of either infection or exposure. Table 3-14 
shows Minnesota to have 7,875,000 cattle, swine, 
and sheep, which is approximately 15 percent of the 

total for the six-State area. We will arbitrarily 
assume that the cost of a slaughter program in a 
one-State area will equal 15 percent of the estimated 
cost of the slaughter program in the multistate area. 
Therefore, the cost of the slaughter program in the 
one-State area would be estimated at $8.8 million. 

DISCUSSION AND SUMMARY 

As discussed previously, the question of how 
many animals, on the average, a six-man vaccina- 
tion team can handle in 1 day is a controversial one. 
We have assumed up to this point that this average 
would be 300 head per day. We will now estimate 
some costs assuming an average of 150 head per 
day. It should be remembered that both these figures 
represent the average number of cattle, swine, or 
sheep that can be vaccinated in 1 day in reference 
to the varied livestock raising situations. The follow- 
ing figures represent estimated costs of control pro- 
grams in a multistate area as described earlier. 

•   One man duty post 

^ Multiple man duty post 

O Major port 

Figure 3-3. FMD inspection posts for hypothesized one-State quarantine area. 
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Cost of : 

Vaccine production: 
This would be the same as previ- 
ously estimated since it would not 
be affected by the speed of appli- 
cation. 

Vaccine testing—same 

Vaccine transportation—same 
Vaccine storage—same 

Vaccination teams: 
This figure would be double that 
previously estimated for a multi- 
state area. Twice as many teams 
would be needed in order to ac- 
complish all the necessary vac- 
cinations within 1 year at 150 head 
per day. 

District offices: 
This figure would also be double 
because of the increased number 
of vaccination teams to be coordi- 
nated. 

State offices 
We will assume that even with 
this larger field force, there will 
still only be one major office per 
State and that it will be of the 
same size and organization as pre- 
viously discussed. Consequently, 
this figure will remain the same. 

Cost of: 

$33,600,000 

Emergency Programs Office 
We  will   assume  that  this 
would be the same. 

cost 

17,041,920 

461,750 

56,092 

259,476,980 

37,349,212 

4,545,346 

175,989 

10,801,931 Vaccine evaluation teams 
We will assume that this figure 
would remain the same. 

Subtotal $363,509,220 

+ 50% 181,754,610 
Total        $545,263,830 

We will assume that the surveillance, quarantine, 
and slaughter programs would cost approximately 
the same as estimated for a multistate area assum- 
ing an average of 300 head vaccinated each day. 

In reference to the estimated costs of a vaccina- 
tion program in a one-State area assuming an aver- 
age of 150 animals are vaccinated each day, the 
following figures are based on the same assumptions 
as used above. 

Vaccine production $ 4,967,880 
Vaccine testing 2,586,720 
Vaccine transportation 68,339 
Vaccine storage 8,180 
Vaccination teams 38,498,638 
District offices 5,606,750 
State office 757,641 
Emergency Programs Office 175,989 
Vaccine evaluation teams 4,357,854 

Subtotal 57,027,991 
+ 50% 28,513,995 
Total 85,541,986 

The following matrix summarizes the estimated 
costs of the various programs under the different 
assumptions. 

In summary, a control program against FMD 
which incorporated vaccination, surveillance, quar- 
antine, and slaughter in a multistate area could 
cost from $476 to $690 million. A similar program 
in a one-State area could cost from $79 to $116 
million. It must be remembered that these costs 
are estimates of direct, easily identifiable program 
costs, and do not include any of the secondary 
costs that most certainly would be incurred. These 
secondary costs would include costs to agribusiness 
due to the disruptions in livestock raising and 
marketing patterns resulting from the control pro- 
grams, as well as the mere presence of FMD in the 
United States. Estimation of these secondary costs 
is not within the scope of this paper. 

This eradication of FMD by an area vaccination 
program is reasonably considered as an alternative 
strategy between strict "stamp out'* and turning the 
disease loose. It was used effectively in Mexico in 
1952 to 1954. Estimating this cost was quite logically 
part of the overall estimation of the potential eco- 
nomic impact of FMD in the United States. From 
the viewpoint of the national economy, the eradica- 
tion of FMD by such a program can be economically 
justified when compared to other alternatives. For 
example, it is estimated to have a benefit-cost ratio 
of about 17 to 1 when compared to endemic FMD 
with only voluntary control. However, it should be 
pointed out that most experts have serious doubts 
about the technical feasibility of containing the 
virus in a large area of the United States. Also, the 
economic impact on the area itself could easily 
bring about political activities that may deter the 
success of such a plan, even though the rest of the 
United States would probably argue and act strongly 
for the containment and eradication of FMD. 
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THE  ESTIMATED  COST  OF  VARIOUS  THEORETICAL  FOOT-AND-MOUTH  DISEASE   CONTROL 
PROGRAMS IN THE UNITED STATES 

Vaccination 
Program 

Program 
Surveillance 

Quarantine 
Program 

Program 
Slaughter 

Total 

Multiple 
State 

$322,644,9353 

$74,581,707 $11,221,224 $58,700,000 

$8,800,000 

$467,147,8663 

Areal $545,263,8304 $689,766,7614 
One- 
State 

$49,194,5553 
$13,944,676 $7,428,101 

$79,417,3323 

Area2 $85,541,9864 $115,764,7634 

1 North Dakota, South Dakota, Nebraska, Iowa, Wisconsin, Upper Peninsula of Michigan, Minnesota. 
2 Minnesota. 
3 Assuming on the average, one vaccination team can vaccinate 300 animals per day. 
* Assuming on the average, one vaccination team can vaccinate 150 animals per day. 
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TECHNICAL REPORT NO. 4 

COST EVALUATION OF ALTERNATIVE CARCASS DISPOSAL METHODS 
IN DISEASE ERADICATION PROGRAMS 

Nasser A. Aulaqi^ 

INTRODUCTION 

In the event of small disease epidemics, the 
process of carcass disposal may be simple and may 
only involve minimum planning on the part of 
disease control personnel. It is only v^hen large 
epidemics and/or large premises are involved that 
preplanning and mobilization of human and other 
resources becomes necessary if eradication efforts 
are to succeed in halting the spread of disease. 

In the case of exotic diseases such as foot-and- 
mouth disease (FMD), the success or failure of an 
eradication program may very well depend on how 
fast we are able to dispose of infected animals. 

The time and resource requirements for disposal 
of animal carcasses is a function of many factors, 
among which the following are of particular im- 
portance: 

(1) Number and species of animals. 
(2) Location of slaughter and disposal sites. 
(3) Type and quality of equipment and human 

resources available. 
(4) Physical conditions such as soil type, drainage, 

and height of water table in soil. 
(5) Weather conditions, for example, causing mud, 

ground freezing, etc. 
An effort will be made to quantify the effect of 

each of these factors and thereby provide reason- 
able estimates on time, labor, equipment, and cost 
requirements for alternative disposal methods. 

DISPOSAL METHODS 

In general, three methods of disposal are used for 
carcass disposal: 

(1) Burial 
(2) Cremation 
(3) Rendering 
In previous FMD outbreaks in the United States, 

disposal was accomplished by burial. During the 
1967-68 British epidemic, both burial and crema- 
tion (burning) methods were used [3] ^. In France 
and Holland, animals were destroyed at rendering 

^Assistant Professor, Department of Agricultural and Applied Economics, 
University of Minnesota. 
-Italic numbers in parentheses refer to References cited at end of report. 

plants and the meat was utilized for nonhuman 
consumption (4). 

In this report only burial and cremation alterna- 
tives will be considered. This, however, does not 
imply that rendering is not a viable alternative from 
an economic standpoint. There are technical prob- 
lems associated with this method that must be over- 
come before it can become an acceptable method 
of disposal. For example, there must be safeguards 
to prevent FMD virus from leaving transport vehicles 
which carry infected animals to rendering plants. 
And, there is the problem of having adequate render- 
ing capacity within feasible distance for transport 
in the event of a major outbreak of FMD. 

The decision to bury or burn carcasses is depend- 
ent on both economic and noneconomic factors. For 
instance, if it is determined that the water table in 
a given area is near ground surface or that a poten- 
tial exists for drainage into water supplies, then 
disposal by burial will not be selected even though 
it may be a favorable alternative from an economic 
[cost] point of view. The opposite situation can also 
occur. Because of environmental regulations, dis- 
posal by cremation may not be allowed despite the 
fact that it is less costly to cremate carcasses than 
to bury them in a given situation. 

The analysis reported here assumes that noneco- 
nomic factors are similar for both methods and we 
proceed to evaluate burial and cremation alterna- 
tives solely on the basis of cost criteria. 

Disposal by Burial 

As indicated previously, in an eradication pro- 
gram the speed of performing disposal of carcasses 
may importantly influence the efficiency of the 
eradication program. During the 1967-68 FMD epi- 
demic in Great Britain, efforts were made to com- 
plete disposal activities on premises within 24 hours 
of confirmed diagnosis of disease. 

Given the need for speedy disposal of infected 
carcasses, the disposal officer should be able to 
determine beforehand the type and size of machin- 
ery required to dispose of carcasses within estab- 
lished time limitations. The information given below 
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is designed to provide reasonable guidelines to 
disposal officers on costs and production capacities 
of different types and sizes of disposal equipment. 

For this analysis, the following types of disposal 
equipment are considered: ^ 

(1) Bulldozers or crawlers 
(2) Track-type loaders 
(3) Wheel loaders 
(4) Hydraulic backhoes 

Bulldozers 
These are track-type tractors that have the ability 

to excavate and bulldoze cover material up to dis- 
tances of 300 feet. They are all-weather machines 
with good flotation and tractive ability. 

Production Rates 
Machine performance for different sizes of bull- 

dozers will be evaluated in terms of comparing 
hourly machine productivity and hourly rental rates. 
Machine productivity is defined as the amount of 
soil material that can be excavated in 1 hour. Pro- 
duction can be expressed in various units: 

Bank cubic yards (BCY] 
Loose cubic yards (LCY) 
A bank cubic yard (BCY) is 1 cubic yard of 

material as it lies in the natural state whereas a 
loose cubic yard (LCY) of material is 1 cubic yard 
which has been disturbed and has swelled as a re- 
sult of loading. Generally, earthmoving jobs are 
calculated on the basis of bank cubic yards. Thus, 
in order to estimate production, the relationships 
between bank measure and loose measure must be 
known. The ratio between bank measure and loose 
measure is called load factor (LF) : 

LF 
Bank cubic yard (BCY) 

Loose cubic yard (LCY) 

Therefore, Load (BCY) = LCY X LF 
Table 4-1 gives bulldozer production for different 

sizes of machines based on the following conditions: 
(1) 100 percent efficiency (60 minute hour) 
(2) Power shift machines 
(3) Load factor of 0.769 
(4) Excellent operator 
To get hourly production rates under other condi- 

tions, the values in table 4-1 should be adjusted by 
applying correction factors. These correction factors 
are given in table 4-A-2 in Appendix A. 

^EstimatecJ performance rates in this report are based on Caterpillar ma- 
chines. Therefore, relevant adjustments should be made when performance 
rates for other machines are considered. 

TABLE 4-1.    Bulldozer hourly production in bank 
cubic yards 1 

Production with varying distances 

Machine size 
(horsepower) 50 ft. 100 ft.       150 ft.       200 ft.      300 ft. 

75 231 154 102 77 38 
105 361 231 154 115 69 
140 423 292 215 154 100 
200 715 423 308 231 154 
300 961 615 431 331 231 
410 1,230 846 631 500 346 

^It should be stressed again that the production rates presented here refer 
only to specific models. Similar-size machines produced by other manufac- 
turers may have different production rates. 
Source: Data in the table is compiled from Caterpillar Performance Hand- 

book, January 1975. 

For the purpose of this analysis the following 
conditions are assumed to be different from those 
assumed for production rates given in table 4-1. 

Field conditions: 
Job efficiency 
Operator efficiency 

Factor 
0.75 
0.75 

By applying the correction factors to the values in 
table 4-1, we get estimated production in bank cubic 
yards under specified field conditions. These are 
presented in table 4-2. 

TABLE 4-2.    Bulldozer hourly production in bank cubic 
yards under specified field conditions 

Production with varying distances 
Machine size 
(horsepower)     50 ft. 100 ft.       150 ft.       200 ft.       300 ft. 

75 130 87 57 43 21 
105 203 130 87 65 39 
140 238 164 121 87 56 
200 402 238 173 130 87 
300 541 346 242 186 130 
410 692 476 356 281 195 

Source; Table 4-1 multiplied by the product of (0.75 X 0.75) which is the 
correction adjustment for job and operator efficiency. 

Cost Estimates 
To compute cost efficiency of the different sizes 

of bulldozers, we need to know the hourly rental 
rates. Rental rates are used rather than owning and 
operating costs because the equipment is typically 
rented to the Government by private contractors. 
The rental rates used in this analysis are nationally 
averaged rates for the year 1974.^ Therefore, the 

*26th rental compilation. Nationally averaged rental rates and model 
reference data for construction equipment compiled by Associated Equip- 
ment Distributors, Chicago, III., 1974. 
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cost estimates developed here should be used as 
general guidelines only. Local conditions vary sub- 
stantially from one area to another and so too do the 
rental rates. There are also wide ranges of rates 
even in the same area. 

Many distributors and contractors do not rent by 
the hour or day, or even by the week, but rent only 
on a monthly basis. The rates used here are monthly 
rates adjusted to hourly rates by assuming a 100- 
hour work month. If equipment is rented on a 
weekly or daily basis, the rental rates will be sub- 
stantially higher than the rates reported in this 
analysis. For example, in 1974, the monthly, weekly, 
and daily rental rates for a crawler tractor with 
loader bucket (% cu. yd.) were $1,028, $344, and 
$100 respectively. It can be seen from this example 
that substantial savings can be obtained by renting 
equipment on a long-term basis. 

The rental rates charged by contractors and dis- 
tributors normally do not include operator's wages, 
cost of fuel, and lubricants. The lessee usually bears 
such costs. The operator's wage rate is assumed to 
be $10 per hour. Costs of fuel and lubricants are 
assumed to be 10 percent of the rental rate. 

Table 4-3 gives estimates of burial costs with six 
sizes of bulldozers ranging from 75 to 410 in 
horsepower. 

TABLE 4-3.    Cost of carcass disposal using bulldozers 
with travel distance of 100 feet 

1 2 3 4 5 

Volume of Number of Cost of 

Machine size 
(horsepower) 

excavated 
space in 
BCY/hr. 

carcasses 
disposed/ 

hr. Cost/hr. 

trenching and 
backfilling 
per BCY 

Cost per 
carcass 

  - Dollars - _ - _ - 
75 87 28 29.80 0.69 1.07 

105 130 42 39.40 0.61 0.95 
140 164 53 41.70 0.51 0.79 
200 238 77 51.50 0.43 0.67 
300 346 112 65.00 0.38 0.59 
410 476 154 87.00 0.37 0.57 

Sources ; 

Column 1. Derived from table 4-2. 
Column 2. Derived by dividing column 1 by (2 X 1.55), where 1.55 is the 

amount of space in cubic yards required for an adult bovine 
carcass. Multiplying this coefficient by 2 takes into account the 
time needed for backfilling the soil material which is assumed 
to be equal to time taken for excavating the pit. 

Column 3. Derived from Associated General Contractors, 1974. rental 
rates for 1974. Adjustments were made to take into account 
operator wages pJus fuel and lubricating costs which are borne 
by the lessee. 

Coiumn 4. Derived by dividing column 3 by column 1 and multiplying the 
result by 2 to account for backfilling. 

Column 5. Derived by multiplying column 4 by 1.55. 

The results in table 4-3 indicate that substantial 
savings can be obtained by renting large-size ma- 
chines. The results also indicate that large machines 

can cut time requirements for carcass disposal by 
large margins. For example, 1 hour is required to 
dispose of 28 carcasses, using a 75-horsepower bull- 
dozer. If a 200-horsepower machine is used, only 
about 20 minutes are required to dispose of the* 
same number of animals and also at lower costs. 
Further discussion of cost and time considerations 
in selecting machines for carcass disposal will be 
given later in the report. 

Track-Type Loaders 

These machines are often used on trench fills due 
to their excavating ability. 

Machine performance for different sizes of track- 
type loaders will also be evaluated in terms of com- 
paring hourly average rental rates and machine 
productivity. 

Production Rates 

Productivity of track-type loaders can be esti- 
mated by using the following formulas: 

Hourly production = Load per cycle X cycles per 
hour 

60 minutes/hour 
Cycles per hour =  

Minutes/cycle 

Estimated cycle time = Load time + maneuver 
time + travel time + dump time 

Load, maneuver, and dump time are assumed to 
be constant at 20 seconds for all machines. Travel 
time is a function of distance. 

Travel time for varying distances is given below: 

Distance (round trip] Travel time 
(feet) (seconds) 

50 13 
100 26 
150 39 
200 52 

Table 4-4 gives track-type loader production for 
different sizes of machines based on 75-percent job 
efficiency, load factor of 0.769, carry factor of 1.00, 
and an average operator (0.75 efficiency). 

Cost Estimates 

Cost estimates for track-type loaders are pre- 
sented in table 4-5. The results indicate that cost 
of disposal can be reduced by about 68 cents per 
carcass by using the largest machine as opposed to 
the smallest machine. The time requirement for dis- 
posing of animals can be reduced substantially. For 
example, 1 hour is required to dispose of 55 car- 
casses if the largest machine is used. Using the 
smallest machine (62 HP), we need 5 hours of 
machine operating time. 
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TABLE 4-4.    Hourly tractor-type loader production in hank 
cubic yards under specified conditions 

Machine size 
(horsepower) 

Bucket 
Bucket in    Load in 

cu. yd. BCY^ 

Production in BCY per hour with 
varying travel distances 

50 ft.   100 ft.  150 ft.  200 ft. 

62 
80 
95 

130 
190 
275 

1.00 
1.50 
1.75 
2.25 
3.25 
5.00 

0.77 
1.15 
1.36 
1.73 
2.50 
3.84 

44 
66 
79 

100 
145 
223 

34 
51 
60 
76 

110 
169 

25 
38 
44 
56 
82 

125 

22 
33 
38 
49 
70 

108 

1 Buclcet load = bucJcet size X Joad /actor X carry factor. Load factor has 
been defined before whereas carry factor is used to allow for the carry- 
ing characteristics of the material being moved. For soil material, carry 
factor is 1. 

Source: Based on Caterpillar Performance Handbook, January 1975. 

TABLE 4-5.    Cost of carcass disposal using track-type 
loaders with travel distance of 100 feet 

TABLE 4-6.    Hourly wheel loader production rates in hank 
cuhic yards [BCY] with varying travel distances 

Machine size 
(horsepower) 

Bucket 

cu. yd. 

Bucket 
load in 
BCY^ 

Production in BCY per hour with 
varying travel distances ^ 

50 ft.       100 ft.       150 ft.      200 ft. 

65 
80 

100 
130 
170 
260 
325 
550 

1.25 
1.75 
2.25 
3.50 
4.50 
5.50 
7.00 

10.00 

0.96 
1.35 
1.73 
2.70 
3.47 
4.24 
5.39 
7.70 

105 
147 
189 
294 
378 
462 
588 
839 

93 
131 
168 
262 
337 
411 
523 
747 

79 
111 
142 
221 
285 
348 
442 
631 

72- 
101 
130 
203 
260 
318 
404 
578 

1 Bucket Joad = bucket size  X  Joad factor X  carry factor. See footnote"^ 
table 4-4 for more explanation. 

60 minutes/hr. 
2 HourJy production = . Estimated cycie time is 33, 37, 44, 

Minutes/cycle 
and 48 seconds for distances of 50, 100, 150, and 200 feet, respectively. 

Source: Computed from data in Caterpillar Performance Handbook, Jan- 
uary 1975. 

Machine size 
(horsepower) 

Volume of Number of 
excavated carcasses 
space in disposed/ 
BCY/hr. hr. 

Cost of 
trenching and 

backfilling   Cost per 
Cost/hr.      per BCY      carcass 

62 
80 
95 

130 
190 
275 

  - Dollars -   
34 11 24.00 1.41 2.19 
51 16 28.50 1.11 1.73 
60 19 32.50 1.08 1.68 
76 26 38.60 1.02 1.57 

110 35 50.50 0.92 1.42 
169 55 82.20 0.98 1.51 

Sources; 
CoJumn 1. Derived from table 4-4. 
Column 2. Derived by dividing coJumn 1 by f2 X 1.55J. 
CoJumn 3. Derived from Associated General Contractor rentaJ rates  for 

1974 which are adjusted for operator wages and fueJ and Jubri- 
cating costs. 

CoJumn 4. Derived by dividing coJumn 3 by coJumn 1 and muJtipJying the 
resuJt by 2 to account for backfilling. 

Column 5. Derived by muJtipJying coJumn 4 by 1.55. 

TABLE 4-7.    Hourly wheel loader production rates in hank 
cuhic yards (BCY) with varying travel distances 

Machine size      Bucket in 
Bucket 
load in 

Production in BCY per hour with 
varying travel distances ^ 

(horsepower) cu. yd. BCYi 50 ft. 100 ft. 150 ft. 200 ft. 

65 1.25 0.96 59 52 44 41 
80 1.75 1.35 83 74 62 57 
100 2.25 1.73 106 95 80 73 
130 3.50 2.70 165 147 124 114 
170 4.50 3.47 213 190 160 146 
260 5.50 4.24 260 231 196 179 
325 7.00 5.39 330 294 249 227 
550 10,00 7.70 472 420 355 325 

^See footnote ^ in tabJe 4-6 for definition: 
-See footnote ^ in table 4-6 for more explanation. 
Source: Table 4-1. 

Wheel Loaders 
These are rubber-tired machines which are used 

where mobility is an important factor to reckon 
with. Traction may be a problem particularly on 
wet or icy ground. 

FroducXion Rates 
Production rates for wheel loaders (uncorrected) 

are presented in table 4-6 with varying travel dis- 
tances ranging from 50 to 200 feet. There is a wide 
range of selection of machine sizes ranging from 
65 to 550 horsepower. 

To estimate production rates under different sets 
of conditions, values in table 4-6 should be multi- 
plied by the appropriate correction factors. 

The production rates under assumed field condi- 
tions are given in table 4-7.^ 

•'"'These are the same as those assumed before for production rates  of 
bulldozers and track-type tractors. 

Cost Estimates 
Cost estimates for wheel loaders were computed, 

as in the case of bulldozers and track-type loaders, 
by varying the size of machines and keeping travel 
distance at a constant value of 100 feet. If, however, 
travel distance happens to be different, it is an easy 
matter to compute costs by merely adjusting the 
number of cycles per hour at the new travel distance. 
The cost estimates for wheel loaders are presented 
in table 4-8. 

The cost estimates in table 4-8 show that cost of 
disposal per animal carcass could be about cut in 
half if a 170- or 260-horsepower wheel loader is 
used instead of a 65-horsepower machine. Again, 
time requirement can be cut very substantially by 
using larger size machines. For example, eight small 
machines (65 horsepower) are needed to do the 
same job as a large machine such as the 550-horse- 
power wheel loader. 
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TABLE 4-8.    Cost of carcass disposal using wheel loaders 
with a travel distance of 100 feet 

Volume of Number of Cost of 
Bucket  excavated carcasses trenching and 

Machine size     size in    space in   disposed/   Cost/    backfilling Cost per 
(horsepower)     cu. yd.    BCY/hr. hr. hr.        per BCY     carcass 

TABLE 4-9.    Hourly backhoe production rates in bank cubic 
yards with a cycle time of 30 seconds per cycle 

 Dollars 

65 
80 

100 
130 
170 
260 
325 
550 

1.25 
1.75 
2.25 
3.50 
4.50 
5.50 
7.00 

10.00 

52 
74 
95 

147 
190 
231 
294 
420 

17 
24 
31 
47 
61 
75 
95 

135 

24.30 
27.60 
29.90 
35.70 
44.30 
53.90 
75.00 

107.50 

0.93 
0.75 
0.63 
0.49 
0.47 
0.47 
0.51 
0.51 

1.45 
1.16 
0.98 
0.75 
0.72 
0.72 
0.79 
0.79 

Sources: 
Column 1. Derived from table 4-7. 
Column 2. Derived by dividing column 2 by (2 X i.55j. 
Column 3. Based   on   National   average   rental   rates.   Adjustments   were 

made to account for operator wage plus fuel and lubricating 
costs. 

Column 4. Derived by dividing column 3 by column 1 and multiplying the 
result by 2 to account for backfilling. 

Column 5. Derived by multiplying column 4 by 1.55. 

Hydraulic Backhoes 
This type of machine is suited for hard-to-dig soil 

and for deeper penetration. Its bucket has a better 
cutting edge than other machines such as wheel 
loaders and track loaders. 

Production Rates 
Like other pieces of machinery discussed previ- 

ously, hydraulic backhoes' productivity is dependent 
on bucket payload, cycle time, and job and operator 
efficiency. Five different sizes of backhoes were 
evaluated ranging from a 90-horsepower to a 160- 
horsepower. Cycle time per hour was assumed to 
be the same for all machines at 120 cycles per hour. 
Production estimates are presented in table 4-9. 
The estimates are based on average job and operator 
efficiency and assume a load factor of 1 and a carry 
factor of 1 also. Thus the correction factors are 
0.75 and 0.75 for job and operator efficiency, re- 
spectively. 

Cost Estimates 
The cost of carcass disposal was obtained by 

using the same procedures discussed in previous 
pages. The cost comparisons for different sizes of 
backhoes are given in table 4-10. 

Cost and Performance Comparisons 
Productivity performance and associated costs 

were estimated for four types of machines and 
25 different sizes. Table 4-11 summarizes the cost 
and performance data for all machine types and 
sizes analyzed in this report. 

Machine size 
(horsepower) 

Bucket size 
in cu. yd. 

Bucket load 
in BCY^ 

Hourly 
production 

in BCY2 

90 
105 
130 
145 
160 

1.25 
1.50 
1.75 
2.00 
2.25 

0.96 
1.15 
1.35 
1.54 
1.73 

65 
78 
91 

104 
117 

^Bucket size X load factor (.769} X carry factor (1). 
^Bucket load   X   cycles per hour   X   correction  factors  to  account  for 
operator and job efficiency. 

Table 4-10.    Cost of carcass disposal using backhoes 

Machine 
size 

(horse- 
Bucket 
size in 

Number 
of car- 

Volume of  casses 
excavated     dis- 
space in    posed/ 

power) cu. yd. BCY hr. 
Cost/ 
hr. 

Cost of 
trench- 
ing and 
back- 
filling 

per BCY      carcass 
Cost per 

. .Dollars. 
90 1.25 65 21 51.70 1.59 2.47 

105 1.50 78 25 58.70 1.51 2.33 
130 1.75 91 29 66.70 1.47 2.27 
145 2.00 104 34 67.20 1.29 2.00 
160 2.25 117 38 90.00 1.54 2.38 

Sources: 
Column 1. Derived from table 4-9. 
Column 2. Derived by dividing column 2 by {2 X 1.55). 
Column 3. Based   on   National   average   rental   rates.   Adjustments   were 

made to include operator and fuel and lubricating costs. 
Column 4. Derived  by  dividing column 3  by  column  1  and  multiplying 

the result by a factor of 2 to account for backfilling. 
Column 5. Derived by multiplying column 4 by 1.55. 

The data presented in table 4-11 show that there 
is an association between cost and size. The larger 
the machine (greater the horsepower), the lower the 
cost of disposal per animal. Among the four types 
of machines analyzed, bulldozers are the least ex- 
pensive to rent followed by wheel loaders. 

The manpower required to operate a small or 
large machine is the same. Since a large machine is 
capable of doing more work per unit of time than a 
small machine and, therefore, reducing the man- 
power required for a given job, the reduction in 
labor more than offsets the additional cost of renting 
a large machine. 

Aside from cost considerations, large machines 
can complete disposal of a given number of animals 
in a far shorter period than small machines can. 
In disease eradication, the speed in which disposal 
jobs can be done is very important. To illustrate, 
suppose there are 1,000 infected cattle to be disposed 
of within a period of, say, 10 hours. If the largest 
backhoe (275 horsepower) is used for disposal, at 
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least 18 hours are needed to dispose of the 1,000 
animals. In contrast, a 300-horsepower bulldozer 
can complete this task in less than 9 hours, thus 
meeting the time limitation requirement. 

The use of small machines will be needed when 
small disposal tasks are to be finished at the same 
time. Thus in areas where livestock units are small 
the use of small-size machines may be more efficient. 

Table 4-11.    Performance and cost comparisons for 
different types and sizes of equipment 

•lachine type 

Number of 
carcasses 
disposed Cost/ 

Rank 

^ Carcasses Cost/ 
and size per hr. carcass disposed/hr. carcass 

Dollars 
Bulldozers 

75 horsepower 28 1.07 17 9 
105 n 42 0.95 11 7 
140 " 53 0.79 9 6 
200 " 77 0.67 5 3 
300 " 112 0.59 3 2 
410 rf 154 0.57 1 1 

Track -type tractors 
62 horsepower 11 2.19 25 18 
80 w 16 1.73 24 16 
95 " 19 1.68 22 15 

130 " 26 1.57 18 14 
190 n 35 1.42 13 11 
275 " 55 1.51 8 13 

Wheel loaders 
65 horsepower 17 1.45 23 12 
80 " 24 1.16 20 10 

100 " 31 0.98 15 8 
130 n 47 0.75 10 5 
170 n 61 0.72 7 4 
260 ff 75 0.72 6 4 
325 ff 95 0.79 4 6 
550 " 135 0.79 2 6 

Backhoes 
90] lorsepower 21 2.47 21 22 

105 n 25 2.33 19 20 
130 " 29 2.27 16 19 
145 n 34 2.00 14 17 
160 rr 38 2.38 12 21 

To summarize, the type and size of job, machine 
availability, distance, and time limit to complete a 
given task will influence machine selection. In gen- 
eral, lower costs of disposal can be obtained with 
the use of larger machines (if available) if the 
amount of infected carcasses to be disposed of is 
sufficient to merit the cost of using a big machine. 

Disposal by Cremation 

Disposal by cremation is another alternative dis- 
posal method which has been used in FMD eradica- 
tion programs (3). Cremation includes the prepara- 
tion of a firebed, usually with straw, tires, wood, 
and coal. Normally at least a day is needed to pre- 
pare a fire for 100 head of cattle and an additional 
2 days are then necessary to complete burning [3]. 
Table 4-12 shows some cost estimates if the crema- 
tion method is used. 

SUMMARY 

On the basis of cost criterion, disposal by crema- 
tion is not a viable alternative as opposed to the 
burial method. Using the burial method of disposal, 
the maximum cost of disposing of one carcass is 
$2.47 (see table 4-11), compared to at least $40 if 
disposal by cremation is used. The burial method is 
also preferable because of the relative speed of the 
operation. Therefore, the use of cremation can be 
justified only in the case of a high water table or 
where there is risk of polluting water supplies. 

Table 4-12.    Cost of cremating one bovine carcass ^ 

Item 
Quantity 
needed 2 

Straw 3 bales 
Heavy timber 3 pieces 
Tires 4 
Coal 500 lbs. 
Fuel oil 1 gallon 

Price 
per unit ^ Total cost 

Dollars  
1.00 3.00 
2.10 6.30 
2.00 8.00 

$93/ton 23.25 
.36/gallon .36 

40.91 

1 Costs  do not include cost of labor needed to  tend the fire and ma- 
chinery to lift carcasses to firebed. 
- Based en data from Emergency Animal Disease Eradication Guide, ARS, 
APHIS, USDA, Washington, D.C., 1971. 
^ Based on local prices in Minneapolis, Minn., 1975. 
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APPENDIX A: DATA FOR ESTIMATING EARTH MOVING EQUIPMENT PERFORMANCE RATES ^ 

The body of this report involves estimates of cost and productivity performance for a specific brand 
and model equipment. Adjustments are, therefore, necessary if cost and performance estimates for other 
types of machinery are needed. The following information will provide disposal officers with the data* 
necessary to determine the size of equipment needed for given disposal tasks. 

In order to estimate productive performance for a piece of machinery the following information is 
needed: 

Production: Production equals quantity of material the bucket (blade in case of bulldozer) carries per 
load multiplied by the number of loads per hour. 

Estimated Bucket Load: When material is in bank state, as in excavation, productivity is measured in 
bank cubic yards. Bucket load in BCY is estimated by applying an appropriate load factor from 
table 4-A-l below and a carrying factor to allow for the carrying characteristics of the material. The 
quantity of excavated material a bucket carries is computed by using the following formula: 

Bucket load — Bucket size X load factor X carry factor 

Example 
A wheel loader with 2.5 cu. yd. bucket is excavating material with a load factor and carry factor of 

0.80 and 1 respectively. The calculated quantity of excavated material the bucket carries is: 

2.5 X .80 X 1 = 2.00 BCY. 

Estimating Cycle Time 

Cycle time includes the following components: 

1—Load time 

2—Maneuver time 

3—Travel time 

4—Dump time 

It can be safely assumed that only travel time is variable, while the other components of cycle time can 
be considered as fixed time. 

60 minutes 
The total cycles per hour =  

Cycle time 

However, it is recognized that a 60-minute hour of production time represents an optimum production 
and theoretically would happen only under perfect conditions. Therefore, something less than a 60-minute 
hour should be used. The factor to use will depend on many variables. It is known, for example, that job 
efficiency is higher in the summer than in the winter. The time of day the job is conducted also influences 
job efficiency. Efficiency is higher during the day than at night. 

Production is also influenced by operator efficiency. An average operator, other factors constant, may 
produce only 75 percent of the production of an excellent operator. Thus, adjustment factor for operator 
efficiency should be included when estimating machine productivity and costs. 

1 Data information provided in this section is compiled from Caterpillar Performance Handbook, edition 5, January 1975. 
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An example is given below to illustrate the use of tables 4~A-1 and 4-A-2. 
Example 

Conditions: 
Machine 
Bucket size 
Material 
Cycle time 
Load factor 
Carry factor 
Operator-excellent 
Job efficiency 

Calculations: 

Loads per hour 
60 

43 
84 

130 horsepower track-type loader 
2.25 yd.3 
Top soil 
43 seconds 
0.70 
1.00 
1.00 
0.75 

Loads per cycle = 2.25 X 0.70 X 1 == 1.58 BCY 
Hourly production == 1.58 X 83 X .75 = 98 BCY 

Table 4-A-l.    Load and carry factors for different materials 

Material Load factor      Material 
Carry 
factor 

Clay and gravel 
Dry 0.85 
Wet 0.85 

Earth 
Dry packed 0.80 
Wet excavated        0.79 
Loam 0.81 

Sand and clay 0.79 
Top soil 0.70 
Sand and gravel 

Dry 0.89 
Wet 0.91 

Moist Loam 
Soil 
Mixed 

Aggregate 

100-110% 
80-100% 

95-100% 

Table 4-A-2.    Correction factors 

Job condition corrections 

Operator—Excellent 
Average 
Poor 

Job efficiency—50 min/hr 
45 min/hr 
40 min/hr 
30 min/hr 

Factor 

1.00 
0.75 
0.60 

0.84 
0.75 
0.67 
0.50 
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TECHNICAL REPORT NO. 5 

A BENEFIT-COST ANALYSIS OF FOOT-AND-MOUTH 
DISEASE SPREAD AND CONTROL IN THE UNITED STATES 

Nasser A. Aulaqi and W. B. Sundquist^ 

INTRODUCTION 

The objective of this report is to present the major 
economic analysis components of the University 
of Minnesota research study on foot-and-mouth 
disease (FMD). Several other technical reports from 
the overall study provide inputs into our analysis 
v^hich centers on an economic evaluation of alterna- 
tive policies to control the spread of FMD in the 
United States. The material v^hich follows is orga- 
nized into six sections. First, we present some of the 
main features of FMD vy^ith emphasis on those 
characteristics relevant to the economic analysis 
which follows. Second, we discuss relevant previous 
economic research in the area of animal and human 
health. The third section deals with the methodology 
used and data requirements. Next are sections on the 
simulation alternatives considered and their major 
results. Finally, we present the cost-benefit analysis 
and the major conclusions of our study. 

THE DISEASE AND ITS CONTROL 

Nature of the Disease 
FMD has long been considered one of the most, 

if not the most, infectious of all animal diseases. The 
Merck Veterinary manual defines it as "an acute, 
highly communicable virus disease chiefly confined 
to cloven-footed animals ..." The high infectivity 
of FMD, its worldwide distribution, and its plurality 
of serotypes are features which have made it a major 
threat to the health of livestock around the world. 

FMD manifests itself by the formation of blisters 
on the mucous membrane covering the different 
parts of the mouth, including the tongue and lips. 
Blisters are also found on other parts of the body 
including the toes and the teats and udders of milk- 
ing cows and other female animals. The incubation 
period after natural infection usually varies from 2 
days to a week, although it can be longer depending 
on the particular strain of virus and the nature and 
extent of exposure to infection (10).^ The pathologi- 
^Assistant Professor and Professor, respectively, Department of Agricul- 
tural and Applied Economics, University of Minnesota. We acknowledge 
particuJariy the technical assistance of Hunt JVlcCauJey, John  New. and 
Lloyd Teigen and the secretarial assistance of Nancy VanHemert. 
^Italic numbers in parentheses refer to References cited at end of report. 

cal changes are associated with a series of other 
symptoms. These include dullness, depressed appe- 
tite, and a rise in temperature of the afflicted 
animals. 

In contrast with other highly contagious diseases 
such as rinderpest, mortality rates in FMD are 
normally low, particularly in the case of adult an- 
imals. Animals usually recover from FMD within 
about 3 weeks but the aftereffects of the disease can 
be very costly. They may bring losses in a "typical" 
outbreak to as much as 30 percent of the total pro- 
ductivity of the infected animals (6). The aftereffects 
include permanent tissue damage, abortion, sterility, 
and mastitis. Many recovered animals, especially 
cows, are destroyed or slaughtered for meat pur- 
poses [10]. 

Spread of FMD 

The virus of FMD can be easily transmitted be- 
cause of its tremendous ability to survive under 
differing environmental conditions. The primary 
mode of transmission is by direct contact between 
infected and susceptible animals. However, the 
disease can also spread mechanically by other means 
including animal products, feedstuffs, straw, ve- 
hicles, wind, birds, and man. Susceptible animals 
such as cattle, goats, sheep, swine, and certain 
wildlife species can become infected when they 
come in contact with virus-contaminated material. 

Distribution of FMD 

FMD occurs in most of the livestock-producing 
areas of the world with the exception of North and 
Central America above the Colombian-Panamanian 
border, Australia, Ireland, Japan, New Zealand, and 
most of the smaller islands of Oceania and the 
Caribbean (see fig. 5-1). In areas where it occurs, it 
is either present in endemic form, as in some South 
American and European countries, or in a sporadic 
form, as in Great Britain where it occurred most 
recently in 1966-67. Because the terms endemic and 
sporadic are used to describe the frequency and 
level of incidence of FMD in different parts of the 
world, we give below a detailed definition of these 
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terms taken from a report prepared for the Ministry 
of Agriculture, Fisheries and Food in Great Britain 
by a committee of inquiry on FMD in 1968. More- 
over, these definitions are germane to our subse- 
quent simulation of FMD in the United States. The 
committee report states: 

"In countries where the disease is endemic, foot- 
and-mouth disease virus, causing clinical or sub- 
clinical infection, is continuously present in some 
animals. Thus the virus does not need to be intro- 
duced into these countries to cause an outbreak. 
Considerable resistance to infection may be shov^n 
by certain indigenous species and the presence of 
the disease may not always be obvious. This is 
especially true of sheep and also of wild cloven- 
hoofed animals. Periodically, there is an upsurge of 
the disease, particularly when the susceptible popu- 
lation of young animals reaches a high proportion. 
This could result in an epidemic with widely-spread 
outbreaks. At this stage the disease may become 
more virulent resulting in a higher death rate. With 
the spread of the epidemic many of the animals in 
the country become exposed to the disease and this 
is followed by the development of immunity; a 
period of quiescence follows although pockets of 
disease still remain. The disease may ñare up again 
with an increase in the number of young, susceptible 
animals or when an outbreak due to a different type 
of foot-and-mouth disease virus occurs. 

"Sporadic disease occurs in countries which have 
periods free of the disease; it appears when foot- 
and-mouth disease virus is introduced from abroad. 
Countries which have a completely susceptible an- 
imal population, as well as those which practice 
vaccination may suffer from sporadic outbreaks. 
Successful control eliminates the disease and a 
period then follows when the country is completely 
free from the virus, but where control measures are 
not successful, a sporadic outbreak may develop 
into one of epidemic proportions." 

FMD in the United States 
The first recorded incidence of FMD in the United 

States was in 1870 (fig. 5-2). The disease was intro- 
duced into the country by cattle shipped from 
England (3). Two more outbreaks were recorded 
prior to the turn of the century. These occurred in 
1880 and 1884 and were also traced to imported 
animals. 

During this century, outbreaks of FMD occurred 
in 1902, 1908, 1914, 1924 (two separate outbreaks), 
and 1929. The most devastating FMD epidemic ever 
experienced in this country occurred in 1914. The 
epidemic started near Niles, Michigan, and between 

October 1914 and September 1915, it spread through 
22 States and the District of Columbia after it gained 
entry into the Chicago Stockyards. The epidemic re- 
sulted in the destruction of 77,240 cattle, 85,092' 
swine, 9,767 sheep, and 123 goats (10). 

Two epidemics of FMD occurred in 1924, the first 
in California and the second in Texas. The source of 
the California outbreak was determined to be raw 
garbage from ships returning from foreign countries. 
The origin of the 1924 Texas outbreak was never 
definitely established [10). 

The 1924 outbreak in California reached epidemic 
proportions. Before it was confined, the disease had 
spread to 16 counties, including Los Angeles and 
San Francisco. More than 109,000 cattle, goats, 
sheep, and swine were depopulated (destroyed) in 
the course of the eradication program. One added 
feature of the California epidemic was the involve- 
ment of wildhfe. During the course of the epidemic, 
deer in the Stanislaus National Forest became in- 
fected after they came in contact with infected 
livestock herds driven there for summer pasture. 
Some 22,000 deer were destroyed before the disease 
was completely halted (6). 

The last encounter with FMD in the United States 
was in 1929. At that time an outbreak occurred in 
California but was much milder than the 1924 out- 
break. 

Prevention and Control of FMD 
Control policies regarding FMD tend to vary sub- 

stantially from one country to another depending on 
the level and frequency of the disease incidence and 
the veterinary services available. There are, how- 
ever, basically three main policies for dealing with 
the prevention and control of FMD. These policies 
can be adopted either singly or in combination: 

1. Preventive Policy. The most effective preven- 
tion and control method, of course, is to prevent the 
disease from gaining entry in a country by imposing 
strict control on imports which may carry the virus 
from endemic areas to FMD-free countries. The pre- 
ventive policy practiced by the United States has 
drastically reduced the risk of introducing the virus 
from endemic countries of Europe and South Amer- 
ica into the United States. 

Countries that are largely self-sufficient in meat 
products can afford to restrict imports of animals 
and animal products. For example, the United States, 
with its near self-sufficiency in livestock production 
and also because of its relative geographic isolation 
has been able to prevent FMD from gaining entry 
into the United States for the last 48 years by main- 
taining an effective control on the importation of 
animals and animal products. 
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Figure 5-2. FMD outbreaks and spread in Canada, United States, and Mexico. 
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Importation of animals and animal products is 
regulated under authority of Section 306(a) of the 
Tariff Act of 1930. The act made it mandatory upon 
the Secretary of Agriculture to bar importation into 
the United States of cattle, swine, sheep, or goats, or 
fresh, chilled, or frozen meats from these species 
from all countries except those considered by veter- 
inary authorities to be free from FMD and/or rinder- 
pest. It is interesting to note that the Tariff Act has 
influenced greatly the pattern of trade in meat be- 
tween the United States and other countries. De- 
tailed analysis of these trade phenomena needs, 
however, to remain the topic for another study. 

2. Slaughter Policy [Stamp-Out]. In all previous 
outbreaks of FMD in the United States control of the 
disease was accomplished by the stamp-out, or 
slaughter, policy. This policy can be summarized as 
follows: 

a. Complete isolation of infected and exposed 
premises, 

b. Depopulation of infected and exposed herds, 
c. Cleaning and disinfection of infected premises, 

and 
d. Payment of indemnities for herds and products 

destroyed in the course of the eradication pro- 
gram. 

Other countries which have successfully used the 
stamp-out policy include Canada, Great Britain, and 
Mexico. Mexico used the stamp-out policy in com- 
bination with vaccination in eradicating the epi- 
demic of 1946-54. 

3. Vaccination. Countries with land boundaries 
with endemic FMD countries have to contend with 
a different set of control measures. In some situa- 
tions it is technically and economically unrealistic 
to adopt a stamp-out policy every time there is an 
FMD epidemic because such epidemics are frequent 
and some epidemics may involve the depopulation 
of large numbers of herds. Therefore, the high inci- 
dence of FMD in some countries makes it necessary 
to adopt less stringent control policies. Vaccination 
policies are mainly designed to limit the number of 
primary outbreaks as well as subsequent spread of 
FMD in countries where the disease is already en- 
demic. Many countries in Europe and South America 
employ a general vaccination policy where suscepti- 
ble animals are vaccinated at least once every year. 
When new outbreaks occur, some of these countries 
apply stamp-out measures in addition to general 
vaccination. 

With respect to our subsequent beneñt-cost an- 
alyses, both the eradication and the vaccination poli- 
cies will only be implemented in the United States 
in the event of an actual outbreak of the disease. 

We are not predicting that the disease will enter the 
United States. Our analysis does assume, however, 
that if it enters and if no control programs are 
implemented against it, it will then, for purposes of 
our analysis, proceed to become endemic. Thus, the 
benefits of the control programs can be measured 
against the alternative of endemic FMD. 

FRAMEWORK OF BENEFIT-COST ANALYSIS 
Our general framework for economic evaluation 

of alternative prevention and control policies for 
FMD in the United States is that of benefit-cost 
analysis. Benefit-cost analysis is a technique used 
most frequently for evaluating the economic effi- 
ciency of public investments. In their classical sur- 
vey article. Prest and Turvey (8) give the following 
definition: 

"Cost-benefit analysis'^ is a practical way of 
assessing the desirability of projects, where it is 
important to take a long view (in the sense of look- 
ing at repercussions in the further, as well as the 
nearer, future] and a wide view in the sense of 
allowing for side-effects of many kinds on many 
persons, industries, regions, etc., i.e., it implies 
the enumeration of all the relevant costs and 
benefits." 

Most of the studies using the principles of benefit- 
cost analysis have been conducted during the last 
two decades although the technique was first used 
more than a century ago. During this century, the 
technique of benefit-cost analysis acquired its prom- 
inence mainly in the United States. Several agencies 
in the U.S. Government, particularly those involved 
in the natural resource field, have been active in 
undertaking and/or promoting studies in which 
benefit-cost analysis has been the primary methodol- 
ogy of evaluation. 

In recent years this applied methodology has 
spread to other countries and economists through- 
out the world have applied the concepts of benefit- 
cost analysis to the evaluation of public projects in 
many diverse fields. There are several reasons for 
the tremendous interest in benefit-cost analysis. One 
basic reason is that the results of benefit-cost an- 
alysis can be easily understood by decisionmakers. 
Another important reason is that public sector in- 
volvement has grown substantially in recent years 
not only in the United States but in many other 
countries. Accompanying this growth in the public 
sector has been the growth in number of large 
investment   projects   which   required   the   use   of 

3In Britain, it is commonly referred to as "cost-benefit analysis" though 
it seems to us more logical to refer to it as benefit-cost analysis. 
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benefit-cost analysis to determine their economic 
desirability. 

Elements of Benefit-Cost Analysis 
Economic studies which employ benefit-cost an- 

alysis   usually   encompass   the   following   major 
elements: 

1. Enumeration of benefits and costs. 
2. Determination of the appropriate discount rate 

for use in comparing the present values of costs 
and benefits of different control programs. 

3. Specification of a criterion [or criteria) for com- 
paring the economic efficiency of alternative 
programs. 

Enumeration of Benefits and Costs 

A major problem in using the technique of benefit- 
cost analysis deals with the identification and meas- 
urement of relevant costs and benefits. There has 
been extensive discussion in the literature over the 
question of what benefits and costs may be validly 
included. Also, the classification of costs and bene- 
fits into direct and indirect categories has been a 
debated issue in numerous studies employing bene- 
fit-cost analysis. In the case of FMD, the direct costs 
of control programs are relatively easily identified 
and can be quantified fairly readily as they can be 
equated with certain resource expenditures incurred 
by producers of livestock and by relevant govern- 
ment authorities. The indirect or consequential 
costs, however, are more difficult to identify and 
measure since they theoretically extend to all sectors 
of an economy. Examples of such losses are (1) the 
reduced meat supplies and higher prices which con- 
sumers encounter as a result of the depopulation 
(slaughter) of infected and exposed beef herds, (2) 
the unrealized feed sales which accrue to a feed 
dealer when one of his producer customers has his 
dairy herd depopulated in a disease control program, 
and (3) the temporary loss of employment by dairy 
processing plant workers as a result of a moratorium 
on the movement of livestock and livestock prod- 
ucts. Also, in the case of public programs involving 
animal disease control some of the losses cannot be 
quantified at least in terms of dollar values. Among 
these unmeasurable losses is the human pain and 
distress suffered by livestock owners when their 
herds, particularly valuable breeding herds, are 
destroyed. 

Determination of an Appropriate Discount Rate 

Economists have long recognized the need for 
discounting costs and benefits in order to properly 
coinpare alternative public investments. It is obvious 
that costs (benefits) at the present and at different 

points in the future are not equal because of the 
simple fact that money (benefits or costs) accruing 
1 year or 5 years from now is of lower value than 
current-day money. Since most public investment 
projects involve the flow and distribution of benefits 
and costs over different time periods, meaningful 
comparison of these projects can only be made if the 
costs and benefits of each investment alternative are 
reduced to an aggregate present value by an appro- 
priate rate of discount. 

As Prest and Turvey pointed out in their survey 
article (8) "the literature on the choice of appropri- 
ate interest rates for public investment projects is 
voluminous." Yet, despite the intellectual and theo- 
retical discussion of this issue no operational pro- 
cedure for selecting appropriate discount rates has 
been devised. Since planners and decisionmakers 
require a discount rate, value judgments, historical 
experience, and rule of thumb have been important 
criteria for choosing suitable discount rates. In gen- 
eral, economists employ a rate which takes into 
consideration both the social time preference rate 
and the opportunity cost of capital in the private 
sector. We have chosen an 8-percent annual dis- 
count rate as appropriate in this study largely on the 
basis of observed rates used at the present time for 
evaluating comparable programs.^ It is, however, a 
relatively simple task to substitute alternative dis- 
count rates into our analysis. 

Criteria for Project Investment Evaluation 

Generally, the choice among alternative policies 
or programs involving public investment is based on 
their relative economic efficiency. There are at least 
three measures or decision rules by which programs 
can be evaluated. 

These are: 

(a) Net Present Value 
(b) Benefit-Cost Ratio 
(c) Internal Rate of Return. 

1. Net Present Value—The present value rate for 
ranking alternative control programs can be 
stated as follows: The program with the great- 
est net present value (NPV) should be ranked 
first. The net present value is defined by the 
formula 

Bt-Ct T 
NPV=   S 

t=i (1+ir 
where Bt is the benefits in year t, Ct is the costs 
in year t, i is the discount rate, and T is the last 

*This is an admittedly arbitrary selection but it is beyond the scope of 
this analysis to dwell upon the theoretical arguments involved in select- 
ing a discount rate for evaluating public investments. 
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year for which benefits and costs are com- 
puted. The actual computations of the present 
value of costs and benefits are carried out 
independently. The stream of annual benefits 
is discounted to arrive at its present value and 
the stream of annual costs is also discounted 
in order to provide a total present value of 
costs. NPV is then calculated simply as the 
difference between total discounted benefits 
and total discounted costs. Thus the computa- 
tional procedure can be shown simply as 

Bt T 
NPV==  S 

T 
-    2 

Ct 

t-i (l+i)' 

Only programs or projects with a positive NPV 
are justifiable on economic grounds. 
Benefit-Cost Ratio—Another decision rule for 
ranking alternative control programs is to 
compute the ratio of discounted benefits to 
discounted costs. To be economically justifi- 
able, a program or project should have a ratio 
of one or more. And, of course, the greater the 
ratio, the more economically justifiable the 
project. The formula for the benefit-cost ratio is 

B/C = 

Where T, t, Bt, Ct, and i are as defined above. 
It is readily apparent that in order to com- 

pute the net present value and the benefit-cost 
ratio of a project or program we must decide 
upon a discount rate to be used in the com- 
putation. 
internal Rate of Return—Another procedure 
for evaluating the economic profitability of 
public investments is to determine the discount 
rate which just makes the net present value of 
benefits equal zero. The formula for computing 
the internal rate of return may be written as 
follows: 

Present Value 
of Benefits 

Present Value 
of Costs 

T                R 

t = i (1 + ir 

t = l   (l + i)* 

IRR 
T Bt- Ct 

t = 1   (1 + r)^ 
= 0 

T, t, Bt, and Ct have been defined above and r 
is the internal rate of return to be calculated. 
Investment projects are usually ranked from 
high to low priority in the order of the values 

of their computed internal rates of return. In 
general, to be economically justifiable, projects 
should have an internal rate of return (IRR) 
that is at least equal in value to the prevailing 
market interest rate. 

One limitation of the IRR decision criterion 
is that in some cases there is the possibility 
that more than one IRR will make the present 
value of benefits equal the present value of 
costs. Thus, the possibility of a non-unique 
solution for the IRR is a serious practical ob- 
jection to its use as a decision rate for evaluat- 
ing public investments.'''' 

Applications In The Health Field 

This section of the report contains a brief review 
and critique of the economic concepts which have 
been used by others in measuring the costs and 
benefits of human and animal health programs. Our 
purpose is to relate the methods and procedures 
which we have used to other literature in the field. 

1. Human Health—The applications of benefit- 
cost analysis and other economic techniques 
in the field of public health have been numer- 
ous. And, a considerable body of literature has 
accumulated over the last 30 years. But, only a 
few examples will be cited here. Weisbrod [11] 
employed the concepts of benefit-cost analysis 
to evaluate the social benefit of improved 
health. He specifically evaluated three diseases 
—cancer, tuberculosis, and poliomyelitis. Klar- 
man [2] applied the techniques of benefit-cost 
analysis to evaluate the economic benefits of 
syphilis programs. Both authors measured the 
benefits of control programs as the losses 
averted by their implementation. These losses 
included productivity losses, direct medical 
costs, and human suffering and pain. While the 
latter form of loss could not be quantified, the 
authors felt justified to include it in their list 
of losses. 

A more recent study applied the concepts of 
benefit-cost analysis for evaluating control pro- 
grams for swine inñuenza. The study by Schoen- 
baum et al [9] analyzed the economic impact of 
mass immunization against swine-like influenza 
in 1976-77. In addition to applying the usual 
principles of benefit-cost analysis the authors 
refined their analysis by using the Delphi tech- 
nique for estimating the likelihood and charac- 
teristics of an influenza epidemic. 

^This problem was actually encountered in this study where no unique 
result was produced. Consequently this decision rule was not used in our 
henefit-cost evaluation process. 
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2. Animal Health—It is generally fair to state that 
the degree of sophistication of economic analy- 
ses in the field of animal health is not as ad- 
vanced as in the field of human and public 
health. It is, in fact, only in recent years that 
"formal" benefit-cost analysis and other quan- 
titative   methods   have   been   applied   to   the 
evaluation of animal health problems. More- 
over, many of the studies employing benefit- 
cost analysis v\^ere undertaken by government 
agencies and thus remained unpublished. This 
is particularly true for the United States where 
benefit-cost analysis techniques have been ap- 
plied routinely by Federal agencies to animal 
disease  control programs but none  of these 
studies has been published. 

Most of the early economic studies dealt primarily 
with the estimation of annual monetary losses from 
animal diseases without any estimation of the bene- 
fits from a specified control program designed to 
reduce these losses. This is understandable in that 
they were mostly undertaken by veterinarians who 
had little, if any, formal training in economics. In 
addition to the critical problems of lack of adequate 
and reliable data, many of those studies overlooked 
some basic principles of benefit-cost analysis such 
as the need to discount future costs and benefits of 
alternative control policies to a common base period 
before comparing them. Another serious deficiency 
has been the lack of evaluation of losses and bene- 
fits from a social standpoint. Evaluations were gen- 
erally   based   on   the   mistaken   notion   that   any 
reduction in losses brought about by disease control 
programs would mainly benefit livestock producers. 
While  it is  true  that  some  individual  producers 
typically  benefit  from  the  reduced  risk  of  large 
losses, the ultimate beneficiaries of livestock disease 
control   programs   will   generally   be   consumers.^ 
Morris (5) states two more major criticisms of early 
economic work in the animal health field. 

"First, it concentrated on estimating what was 
termed the 'cost of disease' which can be viewed as 
the gross benefit of eliminating the disease entirely, 
without regard to whether this was technically 
feasible. Depending on the whim of the particular 
analyst, it may also have included the cost of control 
measures used at that time. While this figure does 
have some practical value, the conclusion was usu- 
ally erroneously drawn from such a calculation that 
farmers would benefit by this amount if the disease 

*»This is so because of the inelastic demand and supply of most livestock 
products. A shift in the product supply curve to the right, brought about 
by disease control, tends to reduce prices at the farm sector resulting in 
lower prices to consumers, ceteris paribus. And, the control of livestock 
disease can, in such cases, actually result in Jovver income to producers 
than would be the case in the absence of the disease. 

was controlled, without considering the costs of 
control measures or the extent to which the pro- 
posed control measures would reduce the prevalence 
of the disease. Second, the early workers tended to 
use economic data to support their predetermined 
conclusions rather than as a mechanism for deter- 
mining the optimum policy ..." 

It was previously stated that many of the studies 
dealing with the economics of livestock disease con- 
trol, particularly in the United States, remain unpub- 
lished. There are two published studies, however, 
which provide some illustrations of the kind of 
methodological and practical difficulties encountered 
in using benefit-cost analysis in the area of livestock 
disease control. Our objective in reviewing these 
studies is not to reproduce their results and con- 
clusions but rather to describe some of the methodo- 
logical and data problems encountered in defining 
and measuring relevant benefits and costs of alterna- 
tive disease control programs. 

One of the few good studies published in the area 
of animal disease economics was undertaken by 
Power and Harris in the aftermath of the 1966-67 
epidemic of FMD in Great Britain. The authors em- 
ployed the principles of benefit-cost analysis for 
evaluating alternative FMD control policies. The 
policies considered were (1) a stamp-out or eradica- 
tion policy and (2) a vaccination policy under which 
all animals likely to be infected by the disease would 
be vaccinated twice the first year of the program 
and once thereafter. 

The authors assumed that the social benefits from 
controlling FMD could be best measured as the 
costs avoided by prevention of the disease. Since 
each of the alternative control policies entail some 
resource costs, these costs were subtracted from the 
benefits of having the disease under control in order 
to arrive at a net benefit figure. 

In trying to estimate the benefits, the authors were 
faced with the problem of data availability regarding 
an endemic disease situation. It should be noted that 
Great Britain (as the United States) has never 
allowed FMD to reach an endemic stage. Therefore, 
data from other countries, especially South Ameri- 
can countries where the disease is endemic, were 
extrapolated to the conditions in Great Britain with 
appropriate modification by selected experts. 

Estimating the costs of the control policies was 
another conceptual and practical problem encoun- 
tered in the study. Data were readily available con- 
cerning the direct costs of both vaccination and 
slaughter policies. In contrast, indirect or conse- 
quential costs were almost impossible to identify, 
let alone quantify, since they were incurred by 
numerous firms both within and outside the live- 
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stock sector. The difficulty of measuring each of the 
categories of costs separately necessitated the use 
of an aggregate figure to represent those costs. The 
change in consumer meat prices during the 1966-67 
epidemic was estimated and then used in deter- 
mining the likely consequential costs for the two 
control policies evaluated in the study. 

Ellis (1) used benefit-cost analysis to evaluate 
different methods for controlling swine fever (hog 
cholera) in Great Britain for the period of 1963-75. 
The results were presented in terms of net present 
value, average rate of return, and benefit-cost ratios. 

Two control programs were considered—an eradi- 
cation program and an alternative program similar 
to the one used prior to 1962. The author mentioned 
the problem of netting out the costs of each of the 
control policies. He stated that, "since it was mainly 
a question of additional benefits the author did not 
feel justified in complicating the present study with 
adjustments to reflect social cost and benefit. . . ." 

It is apparent from the few studies reviewed 
above that a major practical problem encountered 
in undertaking benefit-cost studies is the problem of 
identifying benefits. Measuring costs, especially di- 
rect costs, is relatively straightforward, since the 
costs can be identified as certain resource commit- 
ments and cash costs incurred by the relevant agen- 
cies responsible for implementing a certain project 
or program. 

Another common problem is the selection of an 
appropriate method for valuation of benefits after 
they have been identified. Most of the studies using 
benefit-cost analysis use constant market prices for 
determining benefits. As indicated earlier when 
large programs or projects are involved, a simple 
price times output (p x q) measure of benefits is not 
an adequate procedure because prices do not re- 
main constant when quantities change as a result 
of either (a) disease or (b) control programs. 

Studies which have employed the concept of con- 
sumer's and producer's surplus in evaluating bene- 
fits are certainly a step forward in improving and 
refining the technique of benefit-cost analysis. Yet 
these studies, like the more conventional benefit-cost 
studies, have, in the main, had the same general 
limitations which must be recognized: 

1. They have relied on static approaches in com- 
puting benefits and costs. For example, most 
benefit-cost and economic impact studies as- 
sume an instantaneous adjustment to new 
supply and demand schedules for the animals 
and animal products being evaluated. 

2. Interdependencies between products and/or 
between sectors in the economy have gener- 
ally been ignored. This is to say that the studies 

have been excessively "partial" in their meas- 
urement of important interrelationships even 
though many have involved the evaluation of 
products from more  than one sector of the 
economy. 

Thus, the above cited analytical framework has 
largely ignored the dynamic supply and price ad- 
justments over time on the production side and the 
possibilities  of substitution between products  on 
the consumer side. Both need to be evaluated if 
proper and accurate accounting of benefit and costs 
is to be obtained. It is our judgment that a justifiable 
aggregation of social costs and benefits has to be 
based upon the use of a dynamic model that in- 
corporates interdependencies between products and 
which measures adjustments over the entire time 
period when they occur. Such a model is utilized in 
this study and is the major subject of the remaining 
sections of this report. 

METHODOLOGY AND DATA REQUIREMENTS 

In the previous section the limitations of tradi- 
tional welfare analysis have been briefly stated. It 
was implicitly recognized that for large public pro- 
grams such as a program involving FMD control, a 
dynamic general equilibrium analysis should be 
used in order to capture the full impact of a par- 
ticular policy outcome including interdependencies 
on both the production and consumption sides. 
While the model system utilized in this study is not 
completely general, it is nevertheless comprehensive 
enough to account for the major interdependencies 
involved in estimating the economic impact of FMD 
spread and control. It is our judgment that the 
partial analysis used here does not substantially bias 
the results because, on the consumption side, the 
cross-elasticities of demand between livestock prod- 
ucts and most other products in the economy are 
low. And, on the production side, our analysis is 
comprehensive enough to capture the key factor 
and product interrelationships influencing product 
supplies. 

Model Utilized 

Given the obvious advantages of dynamic versus 
static models in measuring price and output changes 
over time we utilized an annual econometric simula- 
tion model of the livestock industry to develop a 
set of baseline estimates and to assess the impacts 
associated with alternative FMD control policies. 
The price and output results generated by the model 
were then utilized as input data for the benefit-cost 
evaluation discussed in later sections of this report. 
It is beyond the scope of this study to describe in 
detail the livestock sector model used in this analy- 
sis; however, a brief outline of its main features is 
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given below. Specific equations included in the 
model and a listing of exogenous variables are in- 
cluded in appendix A. 

The livestock sector model utilized in this study 
was developed by the Commodity Economic Divi- 
sion, Economic Research Service (ERS) J It was de- 
veloped as a component of a large scale cros5- 
commodity forecasting system. The original ERS 
livestock model was modified and updated in order 
to adapt it to the estimation requirements of this 
project.^ 

The livestock segment of the forecasting system 
consists of formulations for the beef, pork, chicken, 
turkey, eggs, and dairy sectors. The complete live- 
stock subset of the system consists of 83 equations 
involving a series of demand equations, supply 
equations, technical equations, and definitional equa- 
tions. The behavioral equations were mainly esti- 
mated by least squares although other methods such 
as Almon Lags and the Hildreth Lu correction for 
auto-correlation were utilized in certain cases. The 

"^Now part of the Economics, Statistics, and Cooperatives Service 
*We acknowledge the very major professional input of Dr. Lloyd Teigen 
of ERS in adapting the ERS annual   livestock model to the FMD problem 
situation and to the University of Minnesota computer system. Ann My- 
lander also provided a key input in running the model. 

model used annual time series data covering the 
period 1965-74. 

Each of the livestock commodity models deter- 
mines retail prices, civilian consumption, ending 
stocks, farm production, inventories, and prices. 
Each retail demand function is estimated by assum- 
ing the price at retail to be dependent on consump- 
tion and on the prices of substitute and complemen- 
tary goods. 

Derived farm demand equations were also esti- 
mated by relating the price at the farm to retail 
price, number of slaughter animals, and processing 
wage rates. Other functions included in the livestock 
forecast system are investment demand equations, 
product supply equations, product stock equations, 
inventory accounting equations, technical conver- 
sion equations, and supply demand identities. 

Key Data Requirements and Parameters 

As is often the case, some of the key data needed 
for our analyses are available in reliable form from 
secondary sources, other data can be estimated with 
a good deal of precision, whereas still other data 
can be estimated only on a rather gross basis. A 
listing of key data requirements and the procedures 
for estimating the parameters included in our analy- 
ses are as follows: 
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Data Required 

1. Epidemiology of FMD out- 
breaks and response to con- 
trol programs 

2. Product and efficiency losses 
from FMD 

3. Supply and demand function 
estimates for animals and 
animal products with and 
without FMD 

4. Animal disposal costs 

5. Indemnification costs 

6. Administrative costs of con- 
trol programs 

7. Vaccination costs 

Estimating Procedure 

Adaptation by Dr. John New of 
German, British, French, and 
Mexican outbreaks to U.S. geog- 
raphy and livestock population 
(see Technical Report No. 1) 

Adaptations by Dr. Hunt Mc- 
Cauley of reported data from: 
(a) FMD outbreaks in other 

countries (Britain, Western 
Europe, Mexico, South 
America), 

(b) Knowledge of other diseases 
in the United States, e.g., 
IBR, pneumonia, vesicular 
exanthema of swine, etc., 
and 

(c) New analyses conducted by 
colleagues in the College of 
Veterinary Medicine (see 
particularly Technical Re- 
ports No. 2 and 8) 

Adaptation of the ERS livestock 
model to approximate the bio- 
logical and epidemiological im- 
pact of FMD under different 
control policies 

Primary sources developed by 
senior author with assistance 
from APHIS using engineering- 
economic approach (see Techni- 
cal Report No. 4) 

Primary sources using proce- 
dures implemented in historical 
disease outbreaks together with 
procedures developed in study 
(see Technical Report No. 12) 

APHIS data plus judgments of 
experts (see Technical Report 
No. 3) 

APHIS, secondary data from 
other countries, judgment of ex- 
perts (see Technical Report 
No. 3) 

Quality of Resulting 
Parameter{s] 

Result in rough estimates which 
were tempered by judgments of 
experts to provide adequately 
specified guidelines 

Result in rough approximations. 
Estimates are thought to be un- 
biased and generally adequate 
for the task at hand 

Satisfactory estimates of devia- 
tions from baseline projections 
though the absolute values of 
some estimates are probably of 
questionable accuracy 

Good for typical situations but 
field conditions are highly vari- 
able with respect to climate, 
soil, water table, and size and 
technology of enterprise. Per- 
unit disposal costs do vary with 
number of animals involved and 
this size-cost relationship is not 
yet well documented 

Good for typical situations but 
extreme situations (such as 
high-value, purebred animals) 
provide problems 

Good for regular ongoing pro- 
grams but less adequate for 
emergency programs with high 
start-up costs 

Adequate for crude depiction 
of comparative program costs. 
Need refinement before vaccine 
production is undertaken in 
United States 
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The simulation analysis involved the forecasting 
of the time paths to 1990^ of more than 40 exoge- 
nous variables. Among the most important exoge- 
nous variables are: population, income, price of 
corn, price of soybeans, red meat exports by species, 
military consumption, and wage rates in the food 
and kindred product industries. 

SIMULATION ALTERNATIVES AND RESULTS 

Benchmark 

The first simulation run is a baseline (benchmark) 
projection for the period 1976 to 1990 with the 
United States continuing free of FMD and with cur- 
rent preventive policies (including inspection and 
import controls) remaining in effect. It is assumed 
that this 15-year time span will capture most of the 
benefit-cost impacts for the disease and control al- 
ternatives which follow. Though we believe the 
baseline projections are reasonable ones, their main 
purpose is not as a forecast of the future but as a 
benchmark against which to judge the impacts of 
alternative scenarios for FMD.^^ This is the only one 
of our four simulation scenarios which assumes an 
absence of FMD. 

Endemic FMD (No Public Control) 
The second simulation of the model assumes that 

FMD is introduced into the United States at the 
beginning of the 15-year period and becomes en- 
demic. An endemic situation has been defined be- 
fore as a situation where FMD is continuously pres- 
ent in a country with periodic peaks. These peaks 
are known to occur in the absence of public control 
such as compulsory vaccination. It is probably un- 
realistic to assume that such conditions would be 
allowed to exist indefinitely in this country. But our 
objective in considering an endemic situation is to 
use the economic losses attached thereto as the bene- 
fits against which alternative control program costs 
can be evaluated. And, to do this we must first esti- 
mate the losses which obtain with the endemic 
situation. 

Data from European and other countries indicate 
that the interval between major epidemic peaks of 
FMD ranges from 5 to 10 ye^rs. It could reasonably 
»This results in forecasting the value of exogenous variables shown in 
appendix A for a 15-year period, 1976 to 1990. And, the model was then 
used to estimate endogenous variable parameters over the same period. 
10Although the benefits and some of the costs of FMD control continue 
indefinitely we chose a period of 15 years for the analysis. This is thought 
to he an adequate time period over which to evaluate alternative control 
strategies. Furthermore, since we are using a dynamic model to project 
prices and outputs, simulating this model for a longer period would proh- 
ably give questionable results because of error accumulation. 

be expected that if FMD is left uncontrolled in the 
United States as many as three major epidemics will 
occur during the 15-year period chosen for the anal- 
ysis. Given the complete susceptibility of the U.S. 
livestock population to FMD, veterinary experts 
predict that from 40 to 75 percent ^^ of the sus- 
ceptible livestock will be infected during the initial 
introduction of the disease. Subsequent major epi- 
demic peaks will be less severe and will probably 
infect about 40 percent of susceptible livestock. 
And, the infection rate during the intervals between 
the major epidemics is assumed to drop to a level 
less than 1 percent. Thus, the average infection rate 
over the 15-year period is projected to be about 
6.3 percent of susceptible herds. 

Endemic FMD (Compulsory Vaccination) 

The third simulation alternative assumes that a 
nationwide compulsory vaccination for all cattle 
over 4 months old and all swine and sheep over 3 
months old will be undertaken to control the disease. 
Animals will be vaccinated twice in the initial year 
and annually thereafter. It is assumed that FMD is 
introduced at the beginning of the 15-year period 
and the vaccination program is fully operational 
about 1 year after the introduction of the disease. 
Under a vaccination policy, FMD will not be com- 
pletely eradicated but the major epidemics will be 
virtually eliminated. The infection rate is estimated 
to average about 0.2 percent a year under an effec- 
tive vaccination program. This low infection rate is 
the result of both large immune livestock popula- 
tion and the reduced transmission rate of the disease. 

Eradication (Stamp-Out) 

A final simulation was undertaken to reflect the 
impact of an eradication policy implemented under 
a ''worst possible" disease outbreak situation. For 
this simulation it is hypothesized that an outbreak 
of proportional magnitude to the British FMD out- 
break in 1966-67 would occur in the United States, 
again at the outset of the 15-year period. During the 
eradication program in Britain more than 400,000 
animals were depopulated before the disease was 
completely eradicated. Extrapolating to U.S. con- 
ditions such an epidemic would involve the slaugh- 
ter of about 2 million animals or about 1 percent of 
U.S. susceptible livestock. 
i^We chose 70 percent as the infection rate occurring in all susceptible 
animals during the initial 12 to 18 months of the epidemic during which 
time no FMD control procedures were implemented and the disease was 
permitted to become endemic. The effects of choosing lower or higher 
infection rates can be easily simulated. 
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It is recognized that the extent and magnitude of 
FMD outbreaks depend on many epidemiológica! 
and technical factors. Our purpose, however, is to 
estimate the impact of a "low probability but ex- 
tremely bad situation" which is combated through 
an eradication program. Eradication programs for all 
other outbreaks which involve the depopulation of 
fewer animals will obviously have lower eradication 
costs and higher benefit-cost ratios for the program. 

We believe the above sequence used for describ- 
ing the scenarios which we simulated is the most 
easily followed. One should not, however, confuse 
this sequence with that for control program imple- 
mentation should the disease actually be reintro- 
duced to the United States. Eradication is the first 
control program mounted against an actual outbreak 
of the disease. And, a vaccination program would 
only be activated if eradication is no longer an eco- 
nomically, technically, or politically feasible alter- 
native. 

Results Of Simulations 

For each of the simulation alternatives considered, 
the models generate values for 91 endogenous vari- 
ables over the period 1976-90. Thus, a total of 5,460 
values are provided. In the interest of space and 
cojiciseness, only data on the main variables that 
are relevant to this analysis are presented here. 
These include consumption and retail prices for 
beef, pork, chicken, turkey, eggs, and milk for fluid 
use. Simulation results for these variables are pre- 
sented in tables 5-1 through 5-12. Each table 
provides a year-by-year estimate of the time path ad- 
justments of each variable in response to alternative 
disease situations. Column 1 in each of the tables 
shows the predicted values of the endogenous varia- 
bles under the assumption of FMD-free status. 
Columns 2, 3, and 4 give deviations from the bench- 
mark solution under endemic, vaccination, and erad- 
ication alternatives respectively. 

Both the estimated values of the benchmark solu- 
tion and the deviations from these values for the 
other simulations appear to be reasonable and the 
sequence and timing of the adjustments to the im- 
pact of FMD trace out an expected pattern. It should 
be pointed out, however, that there is little a priori 
information regarding their acceptable range. The 
simulation results can probably be best illustrated 
by explaining some of the direct adjustments which 
occur in the beef sector and some which occur (via 
the market substitution mechanism) in the poultry 
sector. 

TABLE 5-1.    Retail price of beef (cents per pound), 1976-1990 

Benchmark 

Difference in price from benchmark 

Endemic Vaccination Eradication 
Year (1) (2) (3) (4) 

1976 157.77 19.00 19.00 2.89 

1977 156.11 23.95 23.95 2.72 

1978 150.33 4.96 4.96 2.31 

1979 136.29 11.56 10.74 1.24 

1980 132.16 1.65 0.83 0 

1981 134.64 19.82 0 -1.07 

1982 144.55 9.91 —7.43 -1.65 

1983 154.46 -11.56 -11.56 -1.57 

1984 162.72 -10.74 —14.87 -1.16 

1985 165.20 -23.95 —14.04 —.50 

1986 165.20 20.65 —10.74 0.08 

1987 161.90 2.48 —1.65 0.58 

1988 161.90 7.43 6.61 0.99 

1989 163.55 4.96 14.04 1.07 

1990 173.46 8.26 14.87 0.91 

TABLE 5-2.    Civilian consumption of heef [million pounds 
carcass weight], 1976-1990 

Benchmark 

(1) 

Difference in consumptioi 
benchmark 

1 from 

Year 
Endemic 

(2) 

Vaccination Eradication 
(3)                  (4) 

1976 27,960 -1,952 —1,952 —100 

1977 28,396 -2,196 -2,186 -201 

1978 30,249 -316 —283 —136 

1979 31,799 -168 -125 -64 

1980 33,292 479 529 22 

1981 34,451 -528 864 77 

1982 35,256 —408 895 96 

1983 35,824 760 815 83 

1984 36,369 535 573 48 

1985 37,022 674 239 3 

1986 37,814 —1,228 -140 —37 

1987 38,698 -1,212 -493 —61 

1988 39,563 -393 —720 -64 

1989 40,362 -582 —778 —48 

1990 41,056 -166 —645 —23 
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TABLE 5-3.    Retail price of pork (cents per pound], 
1976-1990 

TABLE 5-5.    Retail price of chicken (cents per pound], 
1976-1990 

Difference in price from benchmark Difference in price from benchmark 

Benchmark Endemic Vaccination Eradication Benchmark Endemic Vaccination Eradication 
Year (1) (2) (3) (4) Year 

1976 

(1) 

76.16 

(2) 

3.47 

(3) 

3.47 

(4) 

1976 151.20 8.06 8.06 0.67 0.43 

1977 147.17 1.34 1.34 0.67 1977 76.34 1.10 1.08 0.20 

1978 142.46 -3.36 -3.36 0.14 1978 76.40 —.52 —.57 0.16 

1979 137.09 -.67 —.67 -.14 1979 73.00 1.37 1.33 0.03 

1980 134.40 1.34 1.34 0 1980 76.39 —.21 —.27 0 

1981 141.12 8.06 1.34 0.07 1981 79.62 3.38 0.25 0.01 

1982 147.84 1.34 —1.34 0 1982 84.75 —.93 -1.09 —.11 

1983 152.54 -5.38 0.67 —.07 1983 88.98 —1.57 —.53 -.10 

1984 157.92 -1.34 0 0 1984 94.65 —.02 -1.09 —.05 

1985 162.62 1.34 0.67 0.07 1985 99.17 -1.81 —.57 -.01 

1986 169.34 12.10 —.67 0.07 1986 103.98 4.99 —.69 0.02 

1987 173.38 -1.34 0 0 1987 107.25 -3.82 0.29 0.04 

1988 177.41 -5.38 0.67 0 1988 112.13 2.33 0.39 0.06 

1989 180.77 -2.02 0.67 0 1989 116.05 -1.17 1.08 0.05 

1990 186.82 6.72 0 0 1990 121.87 2.78 0.47 0.04 

TABLE 5-4.    Civilian consumption of pork (million pounds 
carcass weight], 1976-1990 

Benchmark 

(1) 

Difference in consumption from 
benchmark 

Year 
Endemic 

(2) 
Vaccination 

(3) 

Eradica- 
tion 

(4) 

1976 12,482 -564 -564 -43 

1977 13,693 -28 — 27 -32 

1978 14,678 234 241 —1 

1979 15,521 101 106 12 

1980 16,052 -80 —77 0 

1981 16,587 -377 -59 -8 

1982 16,872 —76 42 -6 

1983 17,263 263 17 —2 

1984 17,628 54 -39 -2 

1985 18,012 -153 -56 —3 

1986 18,302 -463 -16 —1 

1987 18,668 -20 -3 1 

1988 19,065 298 1 2 

1989 19,479 66 3 1 

1990 19,837 —200 26 1 

TABLE 5-6.    Civilian consumption of chicken (million 
pounds], 1976-1990 

Year 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

Benchmark 

(1) 

Difference in consumption from 
benchmark 

Endemic Vaccination Eradication 
(2) (3) (4) 

8,188 

8,436 

8,632 

8,821 

8,862 

8,955 

9,037 

9,147 

9,216 

9,305 

9,397 

9,518 

9,613 

9,736 

9,849 

21 

87 

15 

—11 

27 

22 

83 

—33 

-46 

11 

0 

105 

—75 

30 

—9 

21 

87 

15 

—12 

26 

—2 

0 

-30 

—19 

—25 

-14 

—12 

9 

15 

26 

11 

5 

3 

0 

—1 

—2 

—3 

-2 

—1 

0 

1 

1 

2 

1 
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TABLE 5-7.    Retail price of eggs {cents per dozen), 
1976-1990 

Difference in price from benchmark 

TABLE 5-9.    Retail price of turkey (cents per pound], 
1976-1990 

Difference in price from benchmark 

Benchmark Endemic Vaccination Eradication Benchmark Endemic Vaccination Eradication 

Year (1) 

100.63 

(2) 

4.82 

(3) 

4.82 

(4) 

0.52 

Year (1) (2) (3) (4) 

1976 1976 102.15 0.40 0.40 0.25 

1977 96.98 1.07 1.05 0.29 1977 101.48 -2.57 —2.56 0.20 

1978 89.71 —1.40 -1.47 0.13 1978 98.94 0.43 0.44 0.21 

1979 85.22 0.90 0.85 —.03 1979 98.99 4.10 4.13 0.25 

1980 86.86 0.14 0.08 -.01 1980 104.10 4.78 4.76 0.27 

1981 90.75 4.54 0.43 —.05 1981 110.88 5.98 4.43 0.11 

1982 95.76 —.62 —1.20 -.08 1982 118.78 0.48 1.99 -.06 

1983 99.96 -2.74 -.58 —.09 1983 126.11 -.29 0.06 -.19 

1984 105.26 —.22 —.78 -.03 1984 134.20 —.42 —2.98 —.25 

1985 109.52 —.80 -.24 0.01 1985 140.89 —3.87 —4.77 -;31 

1986 113.85 6.77 —.53 0.03 1986 147.19 -.62 —6.27 -.32 

1987 116.59 -3.36 0.29 0.03 1987 152.06 -10.33 —5.26 —.25 

1988 120.54 0.09 0.38 0.05 1988 158.69 —1.04 —3.56 —.07 

1989 123.55 -1.17 0.94 0.04 1989 164.66 -1.20 —.25 0.12 

1990 128.45 3.67 0.25 0.03 1990 173.08 5.06 1.87 0.30 

TABLE 5-8.    Civilian use of eggs (million dozen], 1976-1990 
TABLE 5-10.    Civilian consumption of turkey (million 

pounds), 1976-1990 

Benchmark 

(1) 

Difference ! in consumption 
benchmark 

from 

Year 
Benchmark 

(1) 

Difference in consumption from 
benchmark 

Year 
Endemic 

(2) 

Vaccination Eradication 
(3)                  (4) 

Endemic 
(2) 

Vaccination Eradication 
(3)                   (4) 

1976 5,191 15 15 2 1976 1,926 2 2 1 

1977 5,219 11 11 2 1977 1,879 —36 —36 —2 

1978 5,423 4 3 2 1978 2,099 — 8 —8 0 

1979 5,452 2 2 1 1979 2,105 22 22 0 

1980 5,494 1 0 0 1980 2,219 14 14 2 

1981 5,513 14 2 0 1981 2,241 43 34 1 

1982 5,571 7 -2 0 1982 2,330 -16 22 1 

1983 5,610 —4 —3 0 1983 2,362 23 28 1 

1984 5,662 -5 —4 0 1984 2,431 25 5 0 

1985 5,705 —6 —2 0 1985 2,470 —11 -4 -1 

1986 5,767 19 -3 0 1986 2,550 19 -25 —2 

1987 5,821 0 0 0 1987 2,603 -101 —28 —2 

1988 5,876 4 1 0 1988 2,677 20 —37 —2 

1989 5,928 -8 3 0 1989 2,732 —47 -25 -1 

1990 5,986 9 2 0 1990 2,809 19 -20 0 
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TABLE 5-11.    Retail price of fluid milk (cents per pound], 
1976-1990 

Benchmark 

Difference in price from benchmark 

Endemic Vaccination Eradication 
Year (1) (2) (3) (4) 

1976 20.90 0.84 0.84 0.01 
1977 22.36 0.24 0.24 0.04 
1978 24.28 0.48 0.48 0.04 
1979 26.32 0.60 0.48 0.04 
1980 28.49 0.60 0.60 0.02 
1981 30.77 0.60 0.36 0.01 
1982 33.06 0.24 0.12 -.01 
1983 35.58 0 —.24 -.02 
1984 38.22 -.24 —.48 -.04 
1985 41.11 -.36 -.60 —.04 
1986 44.11 -.24 -.60 -.04 
1987 47.48 -.36 -.48 —.04 
1988 51.09 0 — .24 0 
1989 55.18 0.24 0.12 0.02 
1990 59.38 0.36 0.36 0.04 

TABLE 5-12.    Civilian consumption of fluid milk 
Ihillion pounds], 1976-1990 

Benchmark 

(1) 

Difference in consumption from 
benchmark 

Year 
Endemic 

(2) 
Vaccination Eradication 

(3)                   (4) 

1976 50.593 -.271 —.271 -.004 
1977 48.755 -.291 —.290 —.013 
1978 47.082 —.380 —.378 —.020 
1979 45.645 -.464 —.460 -.026 
1980 44.403 -.517 —.511 -.028 
1981 43.612 -.563 -.510 —.026 
1982 42.907 —.511 —.446 —.020 
1983 42.364 —.429 —.331 -.011 
1984 41.961 -.315 -.188 —.002 
1985 41.665 -.193 -.046 —.006 
1986 41.454 -.126 0.066 0.011 
1987 41.318 -.052 0.131 0.012 

1988 41.232 -.036 0.142 0.010 
1989 41.178 -.058 0.105 0.005 
1990 41.148 -.103 0.034 —.001 

The strongest effect on production and prices of 
endemic FMD is reflected in the beef sector (see 
column 2, tables 5-1 and 5-2). The initial reduction 
in beef supplies caused by the disease is accom- 
panied by increased retail prices for beef which 
stretch over a period of several years. Prices move 
to more than 12 percent over the benchmark value 
in the first year and peak at approximately 15 per- 
cent above benchmark level in the  second year. 

The greater increase in prices in the second year 
reflects the impact of reduced slaughter during that 
year as a result of the heavy mortality losses in 
calves in the first year of the disease epidemic. 

The adjustment process in prices and production 
reflects both the delayed supply by producers to 
initial price increases and the cyclical pattern of the 
disease. For example, when retail prices began to 
moderate in the fifth year, the new disease epidemic 
in the sixth year generates a new but short wave of 
high prices which lasts for 2 years. The same process 
repeats again during the third major epidemic which 
occurs in the 11th year. Prior to that epidemic peak 
in the disease pattern, prices are actually lower 
under the endemic situation than under the disease- 
free status. These lower prices reflect the increased 
supply of beef in response to price increases in 
previous years and a decreased infection rate. Over 
the 15-year period the net impact of the disease is, 
as expected, higher prices for beef and reduced 
available supplies for consumption. 

The impact of the nation-wide compulsory vac- 
cination policy is reflected in the results presented 
in tables 5-1 to 5-12 (column 3). It should be noted 
that the vaccination program is assumed to be ef- 
fective 1 year after the introduction of the disease. 
Thus the initial high disease rate is not averted and 
the impact of vaccination to reduce disease inci- 
dence is felt significantly only after considerable 
time has elapsed. Simulated price increases (as com- 
pared to the benchmark) begin to moderate slowly 
and after 6 years actually fall below the benchmark 
level. The lagged response of producers to price 
changes during the early years of the epidemic 
generates lower prices during later years when re- 
inforced with the effects of vaccination on animal 
herds. To summarize, the overall net impact of the 
vaccination program is significant both in terms of 
prices and quantities. Prices are significantly lower 
under a vaccination program than compared to a 
situation where the disease is assumed to run its 
course. Consumption, however, is also higher re- 
flecting in part the effect of vaccination in reducing 
production losses. 

The simulated impact of the eradication alterna- 
tive is given in column 4 (tables 5-1 to 5-12). The 
impact on prices and output of eradicating about 
1 percent of animal herds is relatively modest. For 
example, table 5-1 indicates that retail price of beef 
would peak at about 1.7 percent (or 2 cents per 
pound)  above  the baseline projected price.^^ Al- 

^^Actually, since an eradication program is normally concentrated in one 
or two regions of the country, its impact on product supplies and prices 
would actually be more concentrated on a more local basis. Since our 
model of the livestock sector does not permit regional partitioning, these 
impacts are assessed on a national basis. 
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though physical losses in terms of slaughtered ani- 
mals occur only during the first year, the impact of 
these losses, though very modest, is extended over 
the entire simulated period of 15 years. During later 
years, the price of beef is low^er under the eradica- 
tion program than under the disease-free status. 
The initial price increases caused by the eradication 
program generate slightly higher supplies of beef 
during the later years and consequently cause the 
subsequent slight reduction in price levels. 

Despite the fact that FMD infects only cloven- 
footed animals, it also produces economic reper- 
cussions in other related livestock sectors. The 
results indicate a strong interdependency in demand 
between affected and nonaffected commodities. This 
type of interdependency is demonstrated by the ad- 
justments which occur in the poultry sector. Con- 
sumption of chicken increases above the baseline 
level in response to price increases in the beef and 
pork sectors. This increased consumption leads, in 
turn, to increased poultry and egg prices [tables 5-5 
through 5-10). It should be noted that because of the 
short time period required for production volume 
adjustments (compared to beef) the poultry sector 
can be responsive to product price changes very 
quickly. This is true regardless of the source of the 
price change. 

Because of projections for decreased consumption 
and higher prices for fluid milk even without FMD, 
the impacts of endemic FMD are absorbed with only 
minimal impacts on consumption and price levels ^^ 
(tables 5-11 and 5-12). Projection of higher future 
consumption levels would, of course, intensify the 
impact on consumers. 

Our simulation analysis assumes that FMD affects 
only the biological parameters and their dependent 
relationships. Historical market relationships em- 
bodied in the model are, therefore, assumed to re- 
main unchanged. This means, among other things, 
that the presence of FMD does not impact in any 
significant way on the effective demand of consumers 
for meat. In reality, were FMD present, at least a 
temporary effect might be expected in, for example, 
a preference for poultry and fish over red meat. 

The sections of this report which follow are de- 
voted primarily to estimating the benefits and costs 
of alternative FMD control policies. And, the price 
and consumption data generated by the simulation 
runs are utilized as an input to the computation of 
the benefits and costs of each of the respective con- 
trol policies. 

"The actual adjustments in milk production are, however, quite complex 
as production per cow increases over time and callings are mainly from 
the animals most seriously affected by FMD. 

BENEFIT-COST ANALYSIS OF FMD CONTROL 
POLICIES 

In this section, we combine within a social benefit- 
cost framework (1) our estimates of the benefits from 
alternative FMD control programs (mainly output 
from the preceding simulation analyses) and (2) our 
estimates of the costs of the alternative control pro- 
grams. Benefits and costs accruing over the 15-year 
time period (1976-90) are discounted to their current 
values. 

Benefits Of Control Programs 

The benefits to society from having FMD or any 
other disease controlled can be considered as simply 
those adversities (costs or losses) avoided by con- 
trolling the disease. And, net benefits from control 
are then the differences between total net benefits 
accruing to a particular control program and the total 
costs incurred in implementing that program. Under 
certain programs, such as vaccination, not all disease 
losses will be prevented. And, the size of the losses 
prevented (benefits realized) depends on the degree 
of disease control obtained. In our simulations, the 
impacts of alternative control policies were com- 
puted by interpolation of actual data from other 
countries, especially France, England, and Germany. 

Benefits of FMD control are classified and enume- 
rated below. 

1. Direct Benefits, These include the prevention 
of losses caused by (a) mortality, (b) delayed growth 
and/or reduced growth rates, (c) decreased milk pro- 
duction from mammary gland infections, (d) abor- 
tion and delayed conception, and (e) reduction in 
length of productive life. The major aggregate eco- 
nomic consequences of these losses are expected to 
occur in the form of higher prices and reduced com- 
modity supplies for consumers. And, it is these con- 
sequences which we have measured net of any 
changes in total production costs. The economic im- 
pact to some individual producers can, of course, be 
devastating. But, other producers will benefit from 
higher product prices. 

2. indirect for ConsequentialJ Benefits. These in- 
clude the avoidance of (a) reduced agribusiness sales 
to, and purchases from, the livestock sector, (b) 
losses of wages and other incomes, (c) losses of 
export markets, and (d) stress and pain accompany- 
ing control, particularly under an eradication or 
stamp-out program. Most of these indirect conse- 
quences are of a temporary nature and some are 
offset by other changes, e.g., the transfer of feed 
sales from the swine sector to the poultry sector. 
Our benefit-cost calculations are based on the in- 
clusion of direct benefits only. Thus, to the extent 
there are net indirect benefits associated with con- 
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trol programs,  their benefit-cost ratios  would be 
even higher than those we have calculated. 

Valuation Of Benefits 

There are serious data limitations on morbidity, 
mortality, and other effects of the disease on the 
productive capacity of infected animals particularly 
in the U.S. setting. Every reasonable effort has been 
made to get a realistic picture of the impact of FMD 
introduced to this country. But, assessment of the 
physical effects of the disease is, necessarily, mainly 
from a comprehensive literature review and from 
consultations with experts in the field. 

As indicated earlier, the physical impacts of the 
disease are entered into the livestock sector model 
by appropriate adjustments of selected equations. 
These physical adjustments are then translated into 
economic terms by the simulation model which 
measures the impacts on consumer prices and con- 
sumption over the 1976-90 period (tables 5-1 to 
5-12). Table 5-13 aggregates the net benefits of 
avoiding endemic FMD in terms of consumer ex- 
penditures for selected years and for the total period 
analyzed. The years depicted represent epidemic 
peaks in the pattern of the disease spread. Thus, the 
program benefits for these years are much greater 
than for those years when the disease morbidity is 
substantially lower. The present value of the total 
direct benefits (computed as net absolute savings in 
consumer expenditures) for the period 1976-90 dis- 
counted at 8 percent is $11.65 billion. This then is a 
direct benefit to consumers for having FMD kept out 
of the United States. It does not include consumer 
choice or export market benefits attributable to the 
avoidance of FMD. FMD-free countries could, in the 
event of an epidemic of FMD, ban imports from the 
United States of certain livestock and livestock prod- 
ucts which in recent years have been running at an 
annual rate of about $500 million.^^ 

The latter amount cannot, however, be counted en- 
tirely as net benefits to U.S. producers for avoiding 
FMD since the actual magnitude of market loss 
will depend on a number of factors such as the de- 
mand for these products in the domestic market and 
the ability of exporters to find alternative foreign 
markets for at least a portion of them. In general, 
however, most of the exported livestock commodi- 
ties are commodities with low demand preference in 
the United States. Loss of export markets is, there- 
fore, expected to impact heavily on domestic live- 
stock producers. In order to be on the conservative 
side in estimating benefits, we have not included 

"T^his total will vary slightly by year and hy calculation method. Major 
export product categories involved are live cattle, meat products, and 
hides and skins. 

these and other indirect impacts in computing the 
benefits for FMD control programs. 

TABLE 5-13.    Estimated net benefits from preventing 
endemic FMD in the United States, selected 

years and total 1976-1990 

Year Cost (losses) 

1976 
1981 
1986 
Total for 1976-1990 

$ million 
2,884 
4,141 
2,377 

11,650 

Discounted at 8 percent annual rate 

It was stressed earlier that the benefits from con- 
trolling FMD could be taken simply as the losses 
avoided in the absence of the disease. Under a na- 
tional compulsory vaccination program with endemic 
FMD not all of the losses can be prevented since the 
disease is assumed to be continuously present in the 
country. As a result, in computing the benefits of a 
national compulsory vaccination policy, we deduct 
from the gross benefits the losses which continue 
under the vaccination program. Our estimate of the 
present value of the continuing losses in this case 
is $2,719 million over the 1976-90 period. Subtract- 
ing this amount from the gross benefits of $11,650 
million leaves $8,931 million. This amount then 
represents the portion of losses prevented (benefits 
realized) over the 1976-90 period by the vaccination 
program. Similar reasoning reduces the total net 
benefits of the stamp out (eradication] control pro- 
gram by $1,020 million to $10,630 million because 
of reduced product supplies following depopulation 
(eradication). The reduction in net benefits of the 
multistate vaccination program described by New in 
Technical Report No. 3 are only about $100 million. 

Cost Of Control Programs 

Direct control costs include costs of (a) surveil- 
lance and related measures to prevent recurrence of 
the disease, (b) vaccine production, transportation, 
storage, and application, (c) indemnification for de- 
populated animals and materials, (d) disposal of 
animals and materials, (e) maintenance of quaran- 
tines, and (f) personnel and administrative costs. 

1. Preventive Policy. The discounted direct cost 
of the preventive policy (current safeguard pro- 
grams) for the 1976-90 period is estimated at $92 
million. This estimate is based on actual expendi- 
tures by U.S. veterinary authorities on surveillance 
and other measures necessary to enforce the ban on 
certain livestock imports. The expenditures are made 
to keep other exotic diseases as well as FMD from 
entering the United States. And, it would be difficult 
to separate surveillance and related costs of enforc- 
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ing import restrictions on a disease-by-disease basis. 
Thus, we have charged the total amount to FMD 
preventive measures. There are additional costs in- 
curred by U.S. consumers [e.g., higher meat prices, 
inconvenience of baggage inspection, etc.) as a result 
of the ban on imports of certain animal species and 
meat products from FMD-endemic countries. But, 
other disease restrictions or other types of import 
quotas would probably become operative if FMD- 
related restrictions were removed. 

2. Eradication Policy. Costs of the eradication 
program are divided into two categories. The first 
category includes those costs incurred directly in 
administering and operating the eradication program. 
These include the costs of manning quarantines, 
diagnostic and laboratory investigations, valuation, 
and indemnification; disposal of depopulated ani- 
mals and materials; and cleaning and disinfection of 
infected and exposed premises. Estimates of these 
program costs are based on actual field data gathered 
in the process of eradicating other diseases and on 
economic-engineering type analyses performed as 
part of this study. Personal interviews were con- 
ducted with selected experts to reveal the staff and 
time requirements for each step involved in the 
eradication program. The cost of indemnity pay- 
ments accounts for an estimated 60 percent of the 
total direct cost of the eradication program. And, the 
present value of the direct eradication program cost 
(discounted at 8 percent) is estimated at $539 million. 

3. National Compulsory Vaccination Policy. Un- 
published data on costs of vaccine production, 
storage, and administration are provided by New 
in Technical Report No. 3. His estimate of these 
costs is about $3 per animal.^^ 

Using these costs of vaccination, we estimate the 
total discounted cost of a vaccination program to be 
$4,196 million. In contrast to the eradication pro- 
gram, the vaccination program does not involve 
major restrictions on movement of livestock and 
other products nor destruction of large numbers of 
animals. Consequently, related indirect costs are 
expected to be negligible. 

4. Area fMuItistateJ Vaccination Policy. A multi- 
state control program with depopulation and vac- 
cination which is intermediate between a "stamp 
out" eradication program and a national compulsory 
'^The major cost item is veterinary fees which account for more than 50 
percent of the total cost per administered dose of vaccine. The $3 figure 
is relatively high when compared to vaccination costs in other countries. 
Power and Harris, in their study of FMD in Great Britain, estimated the 
1967 cost of vaccinating cattle to be about 22.5 pence (or 40 cents at cur- 
rent exchange rates). German reports estimated the 1973 cost per head at 
about $1.40. Several key factors underlining the APHIS/USDA estimates 
probably account for the high costs of vaccination. For example, labor 
costs are considerably higher in the United States than they were in 
Europe at the time the above estimates were made. Transportation and 
distribution costs will be larger in the United States since the area cov- 
ered by the vaccination program is large compared to Europe. 

vaccination program with endemic FMD is described 
by New in Technical Report No. 3. This control 
program was hypothetically applied to the six-state 
area of North Dakota, South Dakota, Nebraska, 
Iowa, Wisconsin, and Minnesota. The application 
assumed eradication and vaccination measures re- 
quired in the first year only were followed by quar- 
antine and surveillance procedures for two addi- 
tional years. The direct discounted costs of this 
control program are estimated to be $690 million 
over the three-year period. 

Evaluation Of Alternative Control Policies 

The expected present values of benefits and costs 
(discounted at 8 percent) for each of the control 
alternatives considered are presented in table 5-14. 
Net discounted benefits and benefit-cost ratios for 
each control policy are also shown. 

The current preventive policy employed by the 
United States, when successful, yields a benefit-cost 
ratio of 120:1. And, rather clearly, the program can 
carry substantial costs via reduced import supplies 
(and, thus higher product prices to domestic con- 
sumers) and still yield a net benefit to consumers. 
The implicit assumption here is that in the absence 
of import controls and other preventive measures, 
FMD would, in fact, be introduced into the United 
States. The probability of this, in fact, occurring is 
judged to be very high and high enough to assume 
its occurrence. 

The other three alternatives considered assume 
that FMD is already present in the country. The 

TABLE 5-14.    Evaluation of Control Policies in Terms of 
Benefit-Cost Ratios and Discounted Net Present Values, 

1976-1990 

Policy 

NPV 
Discounted          (DPV of 

Present Value   benefits less 
DPVi         DPV of Costs) 

Benefit- 
Cost 
Ratio 

Benefits Costs 

1. Preventive 
policy 

 Million dollars  

11,650               922        11,006 120.6 
2. Eradication 10,630 5393 10,091 19.7 
3. National 

Compulsory 
Vaccination 8,931 4,196 4,735 2.1 

4. Area Vaccination 11,550 690 10,860 15.7 

lA uniform 8-percent annual discount rate has been applied to all 
estimates. 
^This amount does not include the social cost of having FMD-related 
product import restrictions in the United States. The latter is probably a 
significant amount only in the case of fresh and frozen nonfed beef 
products. 
3 For eradication efforts in which a lower number of animals would have 
to be slaughtered, say, 0.1 percent of the susceptible U.S. livestock popu- 
lation [as in the 1914 outbreak), the net discounted benefits and the benefit- 
cost ratio would be considerably higher and probably of the magnitude of 
190 or 200:1. 
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discounted benefits (net of discounted costs) under 
the eradication policy are estimated at $10,091 mil- 
lion compared to $10,860 million for the area vac- 
cination policy and only $4,735 million for the 
national compulsory vaccination policy. And, bene- 
fit-cost ratios show all three policies to be economi- 
cally preferable to endemic FMD. Though subject to 
errors in estimation, these results should, nonethe- 
less, provide decisionmakers with adequate informa- 
tion regarding the expected order and magnitude of 
measurable costs and benefits of the alternative 
FMD strategies considered. And, both their con- 
ceptual and their empirical bases are much prefer- 
able to the gross ''rules of thuml)" which have been 
used to justify control programs in the past. 

Finally, since consumers, in the aggregate, are the 
main final beneficiaries from FMD prevention and 
control, it can certainly be argued that government 
investment in FMD control is justified from the 
viewpoint of equity as well as from the viewpoint 
of economic efficiency. 
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APPENDIX A: LIVESTOCK MODELS 

This appendix contains a list of the livestock models utilized in this study. The equations are listed in the 
following order: (1) pork, [2) beef, (3) dairy, (4) chicken, (5) turkey, and (6) eggs. The number in parentheses 
below each coeiîicient is its t-value for test of hypothesis that the coefficient is not different from zero. The 
physical impact of FMD was simulated through appropriate adjustments of selected equations (asterisked). 

PORK MODEL 

Retail Price Index for Pork (RPP) 1967 = 1.0 

RPP.67/CAPY = .72020 - .00800356CDP/POP + .307313RPFISH.67/CAPY - .0598655PAO.67/CAPY 
(10.648)    (-10.555) (2.535) (-.890) 

+ .263847RPC.67/CAPY + .0337969RPB.67/CAPY 
(6.396) (.372) 

Price Received for Sows, Seven Markets (SOW$), $/cwt 

SOW$ = -.149402 + .927717BGILT$ - .075337TIME 
(-.379)      (42.16) (-4.15) 

Sows Slaughtered (SOWSL), Mil. Head 

SOWSL* = 5.845 + .4366BREHOGI(-l) - .12657BGILT$/FEEDP - .05777BGILT$(-2)/FEEDP(-2) 
(2.15)     (1.34) (-2.52) (-.90) 

+ .669021DUMPIG 
(1.75) 

Pigs Added to Breeding Herds (PIGFB), Mil. Head 

PIGFB = -1.73769 + .16577BGILT$/FEEDP + 1.24028SOWSL - .3332BREHOGI(-l) 
(-.57) (2.86) (4.69) (-1.03) 

Pig Crop (PIGCROP), Mil. Head 

PIGCROP* = -4.3045 + 6.7711BREHOGI + 2.1337BREHOGI(-l) - .3098BGILT$/FEEDP 
(-.18) (2.34) (.63) (-.54) 

+ .29158BGILT$(-1)/FEEDP(-1) + .90501BGILT$(-2)/FEEDP(-2) - .7418DUMPIG 
(.63) (1.62) (-.20) 

Barrows and Gilts Slaughtered (BGILTS), Mil. Head 

BGILTS* = -12.921 + .8813lMKTHOGI(-l) + .510229PIGCROP 
(-1.41)       (6.49) (5.97) 

Total Production of Pork (TPP), Mil. Lbs. 

TPP = -1110.4 + 348.367SOWSL + 110.763BGILTS + 159.657TIME 
(-1.32)        (4.93) (9.59) (9.37) 

Ending Stocks of Pork (ESP), Mil. Lbs. 

ESP = -397.419 + .441619ESP(-1) + 8.62273TPP/POP 
(-1.61) (2.68) (2.03) 

See footnote * on pg. 97. 
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Seven Market Barrow and Gilt Prices Received (BGILT$), $/cwt 

BGILT$/RPP.67 = 13.378 - .1204BGILTS + 35.7212RPP.67/WRMP + .296TIME 
(2.06)        (-1.99) (5.77) (6.10) 

Identities 

Breeding Hogs on Farms, December 1 (BREHOGI), Mil. Head 

BREHOGI* = BREHOGI(-l) - SOWSL + PIGFB 

Total Number of Pigs Slaughtered (TNPS), Mil. Head 

TNPS = SOWSL + BGILTS 

Market Hogs on Farms, December 1 (MKTHOGI), Mil. Head 

MKTHOGI* = MKTHOGI(-l) + PIGCROP * (1 - DEADPIG) - BGILTS - PIGFB 

Total Supply of Pork (TSP), Mil. Lbs. 

TSP = TPP + IP + ESP(-l) 

Civilian Disappearance of Pork (GDP), Mil. Lbs. 

GDP = TSP - ESP - XP - MP 

Definitions 

Cost Index for Pork Feed 

FEEDP* = PC * .85/1.12 + PSM * .15/2.8 

Pork Storage Cost 

DCOST.P = K - K(-l) 

Where K = (1.0 + INTRATE/100) (BGILT$) 

BEEF MODEL 

Total Production of Fed Beef (TPFB), Mil. Lbs. Carcass Weight 

TPFB = -583.618 + 660.831FBHSS - 72.3782PFEC/CVI + 77.8651PFEC(-1)/CVII 
(-.95) (111.41) (-2.46) (2.36) 

Non-Fed Beef Cow Slaughter (NFBCS), Mil. Head 

NFBCS* = -2.4199 + .25450BCI(-1) - .092529PFC + .919846DUMMY 
(-3.37)        (10.72) (-5.46) (8.13) 

Beef Heifers and Steer Slaughtered (BHSS), Mil. Head 

BHSS* = -5.0712 + .2437PFEC/CVI + .06802BCI(-1) + .73998BCI(-2) 
(-1.17)       (1.15) (.19) (2.03) 

Fed Beef Heifer and Steer Slaughter (FBHSS), Mil. Head 

FBHSS* = -33.1658 + .78055PFEC/CVI + .367685PFEC/CVII + .80306BCI(-1J + .198112BCI(-2) 
(-7.59) (3.48) (1.5) (2.18) (.54) 

See footnote * on pg. 97. 
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Total Production of Non-Fed Beef (TPNFB), Mil. Lbs. Carcass Weight 

TPNFB = -721.530 + 498.627NFCS + 24.7464PNFC + 23.5491PNFC(-1) - 217.134DUMMY 
(-1.54) (20.11) (1.85) (2.19) (-6.79) 

Retail Price of Beef (RPB.67) Index 1967 = 1.0 

RPB.67/CAPY = 1.5538 - .08519RPP.67/CAPY + .30203RPC.67/CAPY - .77508PAO/CAPY 
(5.54)       (-.54) (3.94) (-4.20) 

- .004253BEEFHS/POP - .0157508BEFC/POP 
(-2.19) (-4.83) 

Beef Heifers for Breeding (BHFB), Mil. Head 

BHFB = -2.1833 + .15884BCI(-1) + .62146DUMMY - .0187936PFC(-1) + .105858PFC(-2) 
(-3.71)       (6.44) (6.29) (-.79) (2.85) 

+ .00293831PFC(-3) 
(.091) 

Price of Fed Cattle, $/cwt, Omaha All Grades 

PFEC/RPB.67 = 2.4624 - .3880FBHSS + 30.813RPB.67 
(1.79)        (-5.75) (16.0) 

Price of Feeder Cattle, $/cwt, Kansas City All Weights and Grades 

PFC/PFEC = 5.09 - .5647BHSS + .927567PFEC + .64935TIME 
(.63)     (-1.2) (7.42) (1.59) 

Price of Non-Fed Cattle, $/cwt, Omaha Utility Cows 

PNFC/PFEC = .846445 - .018627NFCS + .00093449PFC 
(8.5) (-3.55) (.62) 

Ending Stocks of Beef (ESB), Mil. Lbs. 

ESB = 38.0472 + .4646ESB(-1) + 1.9553TPFB 
(1.38) (2.74) (2.76) 

Calf Crop (CC), Mil. Head 

CC* = -5.51187 + 1.0187(BCI + BCI(-l))/2 + 1.0294(DCI + DCI(-l))/2 
(-1.34) (15.15) (8.19) 

Calves Lost (CL), Mil. Head 

CL* = -2.2230 + .1173CC - .007358TIME 
(-1.49)        (2.86) (-.34) 

Other Calves Lost (OCL), Mil, Head 

OCL* = -.88031 + .04716(BCI + BCI(-l))/2 + .062677(DCI + DCI(-l))/2 
(-1.28)       (4.22) (3.00) 

Total Production of Veal (VEAAT), Mil. Lbs. 

VEAAT = -88.7839 + 110.362CAS + 4226.82RPV.67/PCS 
(-1.98) (52.33) (4.13) 

See footnote * on pg. 97. 
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Retail Price Index for Veal (VEAIR), 1967 = 1.0 

VEAIR.67/CAPY = .3428 + .43653RPB.67/CAPY - .068231RPC.67/CAPY - .52797PAO/CAPY 
(6.34)      (4.78) (-1.66) (-7.79) 

+ .56663 7RPFISH.67/CAPY 
(4.69) 

Price Received by Farmers for Calves (CALPF), U.S., $/cwt 

CALPF = 78.272 - 3.30841CAS - 1.81618TIME 
(10.16)     (-5.79) (-7.19) 

Calf Slaughter, U.S. (CAS), Mil. Head 

CAS = -5.65570 + .545148(Ci: - CL) - .626095TIME 
(-1.01) (3.36) (-8.18) 

Identities 

Total Supply of Non-Fed Beef (TSNFB), Mil. Lbs. 

TSNFB = TPNFB + IB 

Total Supply of Fed Beef (TSFB), Mil. Lbs. 

TSFB = TPFB + ESB(-l) 

Total Supply of Beef (TSB), Mil. Lbs. 

TSB = TSNFB + TSFB 

Civilian Disappearance of Beef (CDB), Mil. Lbs. 

CDB = TSB - XB - MB - ESB 

Non-Fed Cattle Slaughtered (NFCS), Mil. Head 

NFCS = DCS + NFBCS + (BHSS - FBHSS) 

Beef Cow Inventory, Cows That Have Calved (BCI), Mil Head 

BCI* = BCI(-l) + BHFB - NFBCS - .02BCI(-1) 

Definitions 

Production of Heifer and Steer Meat (BEEFHS), Mil. Lbs. 

BEEFHS = TSFB - XB - MB + NFHSS * AWNFCS 

Production of Cow Meat (BEEFCOW) Mil. Lbs. 

BEEFCOW = TPNFB + IB - NFHSS * AWNFCS 

Non-Fed Heifer and Steer Slaughter (NFHSS), Mil. Head 

NFHSS = BHSS - FBHSS 

Average Weight of Fed Cattle Slaughtered (AWFCS), Dressed Weight 

AWFCS = TPFB/FBHSS 

See footnote * on pg. 97. 
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Average Weight of Non-Fed Cattle Slaughtered (AWNFCS), Dressed Weight 

AWNFCS == TPNFB/NFCS 

Cost Index for Beef Production 

CVFL* = .027TRANS + .545PC/1.17 + 415PSM/3.82 + .054WRMP/3.42 + .039ARSTBLB/6.0 + .059FPL 

Cost Index for Fed Livestock 

CVI* = CVFL + (.3/24.67) (PFC + PFC(~1)) 

Beef Storage Cost Variable (DCOST.B) 

DCOST.B = K - K(--l) 

Where K = (1.0 + INTRATE/100) * PFEC 

DAIRY MODEL 

Dairy Cow Slaughter (DCS) Mil. Head 

DCS* = -13.6012 + .0671636PNFC/FPM$ + .29694TIME + .12859DCI(-1) + .209527DCI(-2) 
(-3.97) (.66) (4.21) (2.17) (4.21) 

+ .226169DCI(-3) + .161874DCI(-4) 
(4.84) (2.91) 

Dairy Cow Additions (DCA), Mil. Head 

DCA* = -3.91612 + .347733DCI(-1) + .0926822TIME + .0328029FPM$/FEEDD 
(-2.99) (6.71) (3.12) (1.68) 

+ .027298FPM$/FEEDD(-1) + .00237529FPM$/FEEDD(-2) - .023075FPM$/FEEDD(-3) 
(1.48) (.17) (-1.13) 

- .0301637FPM$/FEEDD(-4) 
(-1.44) 

Dairy Consumption of Hay and Harvested Other Roughages (H+HOR), Tons 

H+HOR = -130.176 + 6.02874FPM$/FEEDD + 2.275480PUTMrLK - 2.75765CON + 6.64726RANGE 
(-1.99) (2.58) (6.18) (-4.29) (.17) 

Dairy Consumption of Concentrates (CON), Tons 

CON = -17.8136 + .4293880PUTMILK + 2.06349FMP$/FEEDD - .175686H+HOR 
(-1.58) (3.76) (4.44) (-4.47) 

Milk Fed to Calves (FEDMILK), Lbs. 

FEDMILK = .26987 + .141137DCI - .0160925TIME 
(.33) (4.05) (-.88) 

Total Milk Ouput (OPUTMILK), Bil. Lbs. 

OPUTMILK* = 42.325 + .513466ZVIN + .129748H+HOR + .139395CON 
(3.27)        (4.38) (2.79) (.60) 

See footnote * on pg. 97. 
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Where ZVIN = Zl * DCA + Z2 * DCA(-l) + Z3 * DCA(-2) + Z4 * ((DCI + DCI(-l))/2) 
- DGA - DCA(-l) - DCA(-2) - DCA(-3) 

And: 

Zl = A + B * (TIME - 3) + C * (TIME - 3) ^ 

Z2 = A + B * (TIME - 2) + C * (TIME - 2) ^ 

Z3 = A + B * (TIME - 1) + C * (TIME - 1) ^ 

Z4 = A + B * (TIME) + C * (TIME) ^ 

A = 4.92036 B = .149442 C = .00307736 

Where A, B, and C were obtained from regression of yield per cow on time. 

Yield = 4.92036 + .149442TIME + .00307736(TIME) ^ 
(46.41)        (7.95) (4.39) 

Farm Price of Milk (FPM$), $/cwt 

FPM$ = 2.96237 + 3.45233LASP - .03020060PUTMILK + .441254SPM 
(1.87) (4.82) (-2.33) (2.50) 

Retail Price Index for Fluid Milk (RPFM), 1967 = 1.0 

RPFM = .159292 + .0584432FPM$ + .0620061WRFM + .383383RPGAS 
(8.42) (10.55) (8.27) (9.49) 

Retail Price Index for American Cheese (RPAC), 1967 = 1.0 

RPAC = -.0802492 + .14313FPM$ + .12727WRAD 
(-3.23) (15.67) (10.46) 

Retail Price Index for Butter (RPBUT), 1967 = 1.0 

RPBUT = .628385 + .118852FPM$ + .022071TIME - .232188WRAD 
(18.89) (7.14) (3.66) (-3.34) 

Retail Price Index for Evaporated Milk (RPEM), 1967 = 1.0 

RPEM = .042196 + .114866FMP$ + 4.220985WRAD - .0125217 

Retail Price Index for Ice Cream (RPICE), 1967 = 1.0 

RPICE = .499308 + .0281267FPM$ + .127514WRICE + .348662RPGAS - .0188635TIME 
(17.09)        (3.31) (2.61) (7.35) (-4.30) 

Retail Price for Dry Milk (RPDM$), íí/lb. 

RPDM$ = -27.9646 + 5.614FPM$ + 15.4999WRFM - 1.33026TIME 
(-14.10)        (5.6) (3.98) (-3.82) 

Civilian Consumption of Frozen Dairy Products (CDFDP), Mil. Lbs. 

CDFDP = .041532 - .0431785PRICE/CAPY + .0549928PAO/CAPY 
^ (11.79) (-7.04) (4.85) 

See footnote * on pg. 97. 
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Civilian Consumption of Dry Whole Milk [CDDWM), Mil. Lbs. 

CDDWM = .550586 - .0361739RPDM$/CAPY + .0124699CDDWM(-1)/POP - 2.12992PAO/CAPY 
(2.80) (-3.67) (.06) (-2.18) 

+ 2.59959RPFM/CAPY 
(2.67) 

Civilian Consumption of Condensed Evaporated Milk (CDCNEV), Mil. Lbs. 

CDCNEV = -6.1159 - 9.75607RPEM/CAPY + 22.9984RPFM/CAPY + 8.17166PAO/CAPY 
(-3.30)       (-1.8) (2.38) (1.23) 

+ .452039CDCNEV(-1)/POP(-1) 
(3.73) 

Civilian Consumption of Fluid Milk and Cream (CDFM+C), Bil. Lbs. 

CDFM+C = -.00344899 - .0758873RPFM/CAPY + .154257PAO/CAPY 
(-.24) (-1.71) (2.58) 

+ .817589CDFM+C(-l)/POP(-l) 
(5.68) 

Civilian Consumption of Cheese (CDCHES), Mil. Lbs. 

CDCHES = -.169930 - 1.0322RPAC/CAPY + 1.1065CDCHES(-1)/POP(-1) 
(-.18) (-.82) (25.21) 

Civilian Consumption of Butter (CDBUTR), Mil. Lbs. 

CDBUTR = .325069 - .496839RPBUT/CAPY + .955901CDBUTR/POP(-1) 
(1.02) (-.29) (6.76) 

Definitions and Identities 

Dairy Feed Cost 

FEEDD = PC(.82/1.12) + PSM(.18/2.8) 

Dairy Cow Herd, End of Year (DCI), Mil. Head 

DCI* = DCI(-l) + DCA - DCS - .02DCI(-1) 

CHICKEN MODEL 

Total Production of Young Chickens (TPYC), Mil. Lbs. 

TPYC = 3599.56 - 73.8697WPBC/FEEDC + 3.15553(WPBC/FEEDC * (TIME)) + .774827HAEGG 
(5.61) (-3.49) (2.57) (.26) 

+ .417263(HAEGG) * (TIME) + 14.4700WPBC/FEEDC(-1) 
(6.94) (1.01) 

*Equations which were adjusted to simulate the economic impact of FMD. 
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Total Production of Other Chickens (TPOC), Mil. Lbs. 

TPOC = -1207.63 - 17.2525WPCEB/FEEDC(-1) + 3.78978WPCEB/WRPP 
(-2.55) (-1.94) (.21) 

+ 43.5WPCEB/WRPP(-1) + 4.91953TIME + 38.112FEEDC + 5.62866NOL 
(.285) (.51) (.96) (5.56) 

Ending Stocks of Young Chickens (ESYC), Mil. Lbs. 

ESYC = -35.8344 + .207288ESYC(-1) + 9949.07RPC.67/WPBC + .906606DCOST.BC 
(-.31) (.71) (2.66) (1.21) 

- 8105.74RPC.67/WPBC(-1) - 52.7425DWRPP 
(-2.39) (-1.21) 

Ending Stocks of Other Chickens (ESOC), Mil. Lbs. 

ESOC = 183.854 - .356297ESOC(-l) + 412.174RPC.67/WPCEB - .0717028DCOST.C 
(3.78) (-1.13) (.56) (-.02) 

- 1096.35RPC.67/WPCEB(-1) + 238.922DWRPP 
(-2.05) (1.83) 

Wholesale Price of Broiler Chickens (WPBC), ^/Ib. 

WPBC = -1.97823 + 28.9249RPC.67 + 1.73959RPC.67/WRPP - .000377587TPYC + .0012687TIME 
(-.33) (8.33) (.21) (-.51) (-.003) 

Wholesale Price of Chickens Except Broilers (WPCEB), «f/lb. 

WPCEB = 4.30094 + .429415WPBC - .0018695TPOC - .301058TIME 
(1.64) (8.14) (-.71) (-4.91) 

Retail Price Index for Chickens (RPC.67), 1967 = 1 

RPC.67/CAPY = 1.03643 - .0165196CDYC/POP + .158621RPB.67/CAPY + .287552RPP.67/CAPY 
(6.15) (-7.21) (1.13) (4.05) 

- .636255PA0.67/CAPY + .026802WPCEB/CAPY 
(-4.33) (4.75) 

Retail Price of Chickens (RPC$), i^/lb. 

RPC$ = 2.94522 + 35.7272RPC.67 
(2.28) (31.09) 

Identities 

Civilian Use of Young Chickens (CDYC), Mil. Lbs. 

CDYC = TPYC - XYC - MYC - ESYC 

Civilian Use of Other Chickens (CDOC), Mil. Lbs. 

CDOC = TPOC - XOC - MOC - ESOC 
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Total Supply of Young Chickens (TSYC), Mil. Lbs. 

TSYC = TPYC + ESYC(-l) 

Total Supply of Other Chickens (TSOC), Mil. Lbs. 

TSOC = TPOC + ESOC(-l) 

Definitions 

Poultry Feed Cost (FEEDC) 

FEEDC = PC(.65/1.12) + PSM(.35/2.8) 

Chicken Storage Cost Variables (DCOST.BC,DCOST.C) 

DCOST.BC = K - K(-l) 

Where K = (1.0 + INTRATE/100) (WPBC) 

DCOST.C = K - K(-l) 

Where K = (1.0 + INTRATE/100) (WPCEB) 

Change in Poultry Processing Wage Rate 

DWRPP = WRPP - WRPP(-l) 

TURKEY MODEL 

Total Production of Turkeys (TPT), Mil. Lbs. 

TPT = 640.832 + 50.9261FPT/FEEDT(-1) + 47.3151TIME - 35.8071WPBC/FEEDT(-1) 
(1.38) (2.12) (4.85) (-1.75) 

Ending Stocks of Turkeys (EST), Mil. Lbs. 

EST = -820.801 + 7.99351RPT$/WRPP + .320834TPT + .699141EST(-1) 
(-2.99) (1.62) (3.77) (2.97) 

+ 5.91423RPT$/WRPP(-1) - 5.35080INTRATE 
(1.81) (-.72) 

Farm Price of Turkeys, Price Received by Farmers (FPT), i^/lb. 

FPT = .945086 + .522354RPT$ - .00341707TPT 
(.21) (6.27) (-1.14) 

Identities 

Civilian Use of Turkeys (DCT), Mil. Lbs. 

CDT = TPT - XT - MT - EST 

Total Supply of Turkeys (TST), Mil. Lbs. 

TST = TPT + EST(-l) 
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Definitions 

Turkey Feed Cost (FEEDT) 

FEEDT = PC(.75/1.12) + PSM(.25/2.8) 

Egg Model 

Number of Layers on Farms (NOL), Mil. Head 

NOL = 312.665 - 21.0342RPE.67/WRPP(-1) + 1026.60RPE.67/PPOULTS(-1) - 24.4754FEEDE 
(23.76) (2.43) (3.54) (~4.02) 

+ .113494FPEGG 
(.35) 

Hatching Eggs Produce (HAEGG), Mil. Doz. 

HAEGG = -249.896 + 1.21476NOL - .0224504(NOL) (TIME) + .0545724TPYC 
(-2.19) (3.53) (-1.20) (2.85) 

Total Production of Eggs (TPEGG), Mil. Doz. 

TPEGG = 179.392 + 15.6459NOL + 33.9126TIME 
(.37) (10.01) (12.39) 

Ending Stocks of Eggs (ESEGG), Mil. Doz. 

ESEGG = 21.5645 + .194269ESEGG(-1) - 8361.37RPE.67/FPEGG - 2.66374DCOST.E 
(.32) (.79) (-1.79) (-3.14) 

+ 8682.54RPE.67/FPEGG(-1) + 84.8141DWRPP 
(2.11) 

Retail Price of Eggs, Index (RPE.67), 1967 = 1.0 

RPE.67/CAPY = .153304 - .0213278GDEGG/POP + .424041RPP.67/CAPY + .593027RPC.67/CAPY 
(.37) (-1.09) (1.22) (2.03) 

+ .770691PAO.67/CAPY 
(1.76) 

Farm Price of Eggs, Wholesale Eggs (FPEGG), ^f/doz. 

FPEGG = 19.1589 + 37.1708RPE.67 - .00465412TPEGG 
(2.23) (26.64) (-3.11) 

Retail Price of Eggs (RPE$), ^f/doz. 

RPE$ = 3.426776 + 46.6297RPE.67 
(2.36) (38.36) 

Identities 

Civilian Use of Eggs (CDEGG), Mil. Doz. 

CDEGG = TPEGG - XEGG + lEGG - MEGG - ESEGG 

Total Supply of Eggs (TSEGG), Mil. Doz. 

TSEGG = TPEGG + ESEGG(-l) + lEGG 
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Definitions 

Egg Feed Cost (FEEDE) 

FEEDE = PC(.80/1.12) + PSP(.20/2.8) 

Egg Storage Cost (DCOST.E) 

DCOST.E = K - K(-l) 

Where K = (1.0 + INTRATE/100) (FPEGG) 

Change in Poultry Processing Wage Rate 

DWRPP = WRPP - WRPP(-l) 

Variable 

POP 

CAPY 

PCENDS 

RPFISH.67 

CTNPS 

WRMP 

PC 

PSM 

PAO 

WRPP 

Dummy 

XP 

IP 

MP 

RPGAS 

SPM 

IB 

XB 

MP 

RANGE 

MYC 

MOC 

XOC 

XYC 

MT 

DEFINITION OF EXOGENOUS VARIABLES 

Definition 

U.S. population, million 

Per capita personal consumption expenditures on nondurables 

Personal consumption expenditures on nondurable goods and services 

Retail price fish, Index 67=1 

Pig slaughter capacity, Mil. Head 

Wage rate in meat packing industry, $/hr. 

Price of corn received by farmers, calendar year, $/bu. 

Price soybean meal, calendar year, ^/Ib. 

Index price of all other goods—CPI less meat, 1957 — 59 = 1 

Wage rate in poultry processing industry, $/hr. 

Dummy variable to splice data 

Pork exports. Mil. lbs. 

Pork imports. Mil. lbs. 

Military use of pork. Mil. lbs. 

Retail price index of gasoline, 1967=1 

Support price of milk, $/cwt 

Beef imports. Mil. lbs. 

Exports of beef. Mil. lbs. 

Military use of beef. Mil. lbs. 

Dairy pasture conditions, % 

Military use of young chickens. Mil. lbs. 

Military use of other chickens 

Export of other chickens. Mil. lbs. 

Export of young chickens 

Military use of turkey 

101 



Variable Definition 

XT Exports of turkeys, Mil. lbs. 

lEGG Egg imports, Mil. doz. 

MEGG Military use of eggs. Mil. doz, 

XEGG Export of eggs. Mil. doz. 

PPOULTS Price of egg type poults, $/100 head 

INTRATE Interest rate, prime rate, 4-6 mo. 

WRAD Wage rate in dairy industry, $/hr. 

WRFM Wage rate in fluid milk industry, $/hr. 

WRICE Wage rat&in ice cream industry, $/hr. 

DEADPIG% % Market hog + pig crop dying 

ARSTBLB Average rate, short term loan to business 

WRF Farm wage rate, $/hr. 

FPL Fuel, power, light index, 1967=1 

TRANS Transportation cost index, CPI, 1967=1.0 

WRRFS Wage rate, retail food processing, $/hr. 

PQPM Price of container and packaging material 

TIME 1950 = 1,1974=25 
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TECHNICAL REPORT NO. 6 

EPIDEMIC MODELING 

R. F. Teclaw^ 

INTRODUCTION 

As increasingly complex phenomena are investi- 
gated, intuitive understanding and verbal descrip- 
tions become inadequate. It becomes necessary to 
develop abstract methods of analysis to aid in both 
comprehension and communication. Those v^ho 
work with infectious diseases usually understand 
the factors which affect the epidemiology of the 
disease qualitatively. Transmission route, length of 
immunity, type and number of hosts, latent period, 
infectious period, incubation period, and distance, 
for example, all influence the spread of disease in 
a population, and each considered separately can 
be seen to qualitatively affect the course of an 
epidemic. However, to attempt to quantify the 
effects of these factors and especially to attempt to 
understand the epidemiology of a disease as a sys- 
tem frequently requires a model. 

Models not only mimic real systems in a more 
comprehensible way, but may go beyond descrip- 
tion and lead to conclusions contrary to intuition. 
Additional benefits of models include the ability to 
experiment with a complex system without actually 
tampering with the real system. Models aid in hy- 
pothesis formulation and testing. Important variables 
operating within the system may be identified. The 
time scale may be expanded or contracted through 
the use of models. Certain well-constructed, valid 
models may be used in forecasting, but the outcomes 
should be expressed as probabilities.^' ^ 

This paper will begin with a description of in- 
fectious disease modeling in general and will then 
discuss the role modeling might play in the study of 
foot-and-mouth disease in the United States. The 
mathematics of even the simplest models becomes 
extremely rigorous and the presentation of deriva- 
tions and proofs is beyond the scope of this paper. 
The information presented is derived from a variety 
of sources which are listed in the bibliography. Most 
of the sources are from the literature of human 

^Public   Health   Veterinarian,   Texas   Department   of   Health   Research, 
Austin, TX 78710. 
2 Probably the most frequently encountered use of models in forecasting 
is the "probability of measurable precipitation" heard on  U.S. weather 
reports. 
8 For a general treatment of models and their use, see the book by Mize 
and Cox (1968). 

diseases, but the principles are valid regardless of 
the composition of the population. 

GENERAL EPIDEMIC MODELS 

A simple epidemic can be considered to involve 
the following subpopulations of the overall popula- 
tion of interest: the subpopulation of susceptibles 
(S) who are vulnerable to infection, the subpopula- 
tion of infected (I) who are capable of infecting S's, 
and the subpopulation of removed (R) who are 
assumed to be dead, isolated, or immune."* 

These three states can be visualized in figure 6-1. 
The arrows represent the movement of individuals 
from one state to another. 

There are two general types of models: deter- 
ministic and stochastic. A deterministic model is 
one in which given the initial values for S, I, and R 
and the infection rate ß and the removal rate y, the 
future course of the epidemic can be determined, 
and it will always run the same course for the same 
initial values. 

A stochastic model is one in which S, I, and R no 
longer are actual numbers of individuals but become 
random variables S(t), I(t), and R(t) which take on 
calculatable probabilities of being any particular 
value at time t.^ 

The assumptions made in both types of models 
are that the process is continuous in time (as 
opposed to discrete time intervals), that the popula- 
tion is homogeneously mixing [meaning any one 
pair of individuals is as likely to come in contact 
as any other pair), and that the population is 
closed (no births or deaths due to other causes are 
occurring). Both types of models will now be dis- 
cussed and the relative merits of each will be 
considered. 

* This is known as an SIR model and describes the progression of many 
viral diseases. A simpler model is the SIS in which the infected indi- 
vidual after a relatively short period returns to the pool of S's. 
Gonorrhea in humans would be an example of this type. The inclusion 
of the removed pool is more realistic for most diseases, hence the name 
"general epidemic model." 
5 In other words, the total number of Vs at the end of a deterministic 
epidemic might be n. A stochastic epidemic based on the same param- 
eters might give the following total I's: p(I) = n is .5, p(I) = n—1 is .2, 
p(I) = n+l is .15. . . . This would continue for all reasonably large 
values of I. 
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DETERMINISTIC 

Looking back at the diagram, the rate of new 
infections is proportional to both the numbers of 
S and I with the proportionality constant equal to ß. 
The change in S during any time interval A t will be 

A S = -)Ö SI A t. 

Likewise, the change in I will depend on both the 
influx from S and the rate of removal giving 

A I = (;8 SI - y I) A t. 

Finally, the rate of increase of R depends only on 
the removal from I giving 

A R = y I A t. 

Of fundamental importance in this type of general 
deterministic model is the  relative removal rate, 

y 
deñned as P = -g  . P is a threshold value such that 

if P < So, where So is the initial number of sus- 
ceptibles, then no epidemic can occur and the 
number of I will decline to zero. Also, if an epidemic 
does occur, the number of susceptibles will fall as 
far below the threshold value as they were above it 
at the start of the epidemic.® 

STOCHASTIC 

The stochastic model based on the same diagram 
begins with the same formulae but with S, I, and R 
now considered random variables. Using mathe- 
matics beyond the scope of this paper, probabilities 
can be generated for various values of S, I, and R 
given initial values for S, I, R, ß, and y. The process 
is similar to the generation of Poisson or binomial 
tables for particular parameters. 

Again, the relative removal rate, P, is of central 
importance. When considering the total size of the 
epidemic, if P > n, where n is the size of the total 
population, epidemics of small total size will be 
predominant. If P < n, the distribution of ñnal sizes 
will be bimodal. This means that either the epidemic 
will be small and die out (extinction) or the epidemic 
will be large. The likelihood of either course can be 
calculated given the initial parameters. This con- 
cept is illustrated in figure 6-2. 

The concept can be expanded to include the 
following schema: 

Case A 
If P > n, ultimate extinction of the epidemic is 

certain, and the process follows a simple birth- 
death process with rates ß and y respectively. 

^ This is the Threshold Theorem o^ Kermack and McKendrick [1927] and 
represents one of the major contributions to the mathematical theory 
of epidemics. Hethcote (1976] has expanded on their findings including 
dissimilar groups, vectors, carriers, migration, births and death, and 
temporary immunity. 

Case B 

If P < n, then the chance of epidemic extinction 
is (P/n)^^ where lo is the initial number of in- 
fecteds. The process then proceeds as in Case A. 
The chance of an epidemic (no extinction) is then 
1 —(P/n)^"". In that event, the epidemic approxi- 
mates the deterministic model having the same 
parameters. 

It may be helpful to point out at this time one 
of the advantages of the stochastic over the deter- 
ministic model. Looking at the above graph, a plot of 
the final size of the deterministic model at any par- 
ticular P and n would always be a single point with 
probability of one. An epidemic in a natural popula- 
tion would never be expected to result in exactly 
the same final size if it were possible to run it 
several times. However, certain final sizes might be 
considered more likely than others, and the stochas- 
tic model aids in attaching probabilities to the 
various outcomes. 

A subtype of both the deterministic and stochastic 
models involves the use of discrete as opposed to 
continuous time intervals. This entails assuming a 
fixed latent period and an infectious period con- 
tracted to a single point in time. How seriously 
these assumptions, or any assumptions, compromise 
a model depends on the particular model and disease 
and awaits the development of more complex 
models which can determine the sensitivity of the 
system to the assumptions. 

Discrete-time models have found their greatest 
application in the Reed-Frost chain-binomial model.''^ 
This model states that in a homogeneously mixing 
population in which the chance of an effective con- 
tact (one in which infection is transferred between 
any pair of individuals) ^ is p, then the probability of 
no effective contact is q=l—p. If there are I(t) in- 
fectives at time t, then the probability of escaping 
infection from all such infectives is q^^^K Finally, 
the probability of being infected at time t+1 is 
2_qi(t) Qj, ^Yie probability of not escaping infection 
from one of the I(t) individuals. The formula is de- 
veloped in this manner to take into account the 
problem of an S having adequate contact with more 
than one I(t). 

The various probabilities for the different states 
can be expressed as a chain binomial distribution. 
Assuming that the matrix for changing the states 
is constant and independent of all but the immedi- 

7 See Gatewood et al. (1971) and the articles by Elveback et al. (1964, 
1965, 1968, and 1971) for examples of Reed-Frost models. 
8 Each individual is considered to be equally likely to have contact with 
any other individual during each time period frandom mixing). Only 
those interactions involving one infected and one susceptible are of 
interest, and only a portion of these contacts, p, will resuit in infection. 
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ately preceding time interval, the process can be 
considered Markovian. Discrete-time models need 
not be limited to chain-binomial and Markov-type 
processes, although much of the work on these 
models has been in this area. 

SIMULATION 

The last type of general epidemic model to be 
considered is the Monte Carlo or simulation model. 
This can be considered a special case of the stochas- 
tic model, but instead of deriving the probabilities 
for the various outcomes mathematically, mock 
epidemics are conducted, usually using a computer. 
In simulation, various probabilities are assigned to 
the parameters in the model, the computer generates 
a random number v^hich determines v^hether the 
event has occurred or not. The model progresses by 
considering all possible interactions and keeps a 
record of each event. An example may be helpful. 
In the chain-binomial model, adequate contact (lead- 
ing to infection) betv^een any pair of individuals in 
the population, the computer would generate a 
random number between zero and one. If the num- 
ber is less than 0.25, then infection has occurred 
(assuming one of the pair was infectious). Other- 
wise, infection is assumed not to have occurred.^ 

Simulations require a large amount of computer 
time and space. Also, each run produces only one 
final size. To get a true picture of the relative dis- 
tributions of final sizes, many runs are required. So 
with a complex model, trying to evaluate several 
different probability values over several runs be- 
comes almost prohibitively time consuming, espe- 
cially for large populations. 

DISCUSSION 

The foregoing has been a brief review of the main 
ideas in general epidemic theory. Although it does 
not consider every type of model, most models can 
be considered as special cases or combinations of 
one of the above. The literature of applications of 
specific models to particular diseases is vast, and 
no attempt has been made to provide an exhaustive 
listing here.^^ 

What are the relative merits of the various models 
and of what use are they? It must be remembered 
that there is a tradeoff in modeling between com- 
plexity of the model and mathematical tractability. 
As a model becomes more complex, that is, as it 

» The references cited in footnote 6 also provide a good example of the 
application of simulation models to epidemiology. 
10 Bailey [1975) serves as both an introduction to the literature and as 
a reference containing most of the important concepts in mathematical 
models of epidemics. He lists over 500 references, and although space 
prohibited an indepth treatment of all subject areas, his book should 
serve as a starting point for anyone seriously interested in epidemic 
models. 

more closely resembles its natural counterpart, the 
mathematics rapidly becomes intractable. This is 
not to say that simple models are not useful or that 
complex models have not been formulated, but 
that a price is paid one way or the other. 

In formulating a model, it is best to start simply 
which usually means beginning with a deterministic 
model. The advantages of these models are their 
relative simplicity and mathematical tractability. 
They are based on averages and so find their most 
frequent application to large populations. However, 
this is also one of their downfalls, because as the 
size of the population increases, the assumptions of 
homogeneity of populations begin to lose what little 
validity they might have had originally. 

Deterministic models are unable to account for 
certain basic epidemiologic phenomena such as re- 
current epidemics. No matter how they are manipu- 
lated, the cycling produced by these models is 
always damped, leading to an eventual constant 
level. 

Deterministic models are of least value in small 
populations where the effects of chance on the out- 
come are greatest.^^ This is also true in large popu- 
lations with a small number of initial infectives. 
As was seen from the stochastic model, a certain 
proportion of epidemics will undergo extinction and 
the rest will go on to become large epidemics. The 
deterministic model does not show this bimodal 
character. In fact, there is no relative distribution 
of outcomes since the same outcome occurs each 
time. The deterministic model most closely ap- 
proaches the corresponding stochastic model when 
both the initial numbers of infected and susceptibles 
are large. 

Since the stochastic model incorporates proba- 
bilities in its formulae, it would be expected to be 
a better model and in most respects it is. However, 
as stated previously, the mathematics becomes ex- 
tremely complex, and usually the solutions are only 
approximations. So at any specific level of com- 
plexity, the stochastic model provides more informa- 
tion, is more realistic, and at the same time is 
mathematically more intractable than the corre- 
sponding deterministic models. These problems have 
a very great impact on the practical use of epidemic 
models. If they are not complex enough, their out- 
put is so general as to be of little value, and if they 
accurately reflect a natural system, they become 
unmanageable and again are of little use.^^ 
11 This can be illustrated by an example of flipping a coin. A total of 
3 "heads" after 10 flips would not be too surprising, but a total of 
300 "heads" after 1000 flips might cause us to question whether the 
trials were fair. We expect variations from chance to be relatively large 
in small populations and to "average out" in large populations. 
12 Barlett (1964) discusses the relative merits of deterministic and stochas- 
tic models with emphasis on the questions of extinction and critical 
community size in large-scale populations. 
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One way around this is to use simulations. This 
allows the computer to handle complex equations 
not by solving them but by actually going through 
the process one step at a time, treating each indi- 
vidual separately. One difficulty with this approach 
is that only relatively small populations can be 
considered. Often computer space and time are 
limiting factors. Simulation is especially useful in 
evaluating the factors which affect the spread of 
disease in small populations. Studies of this kind are 
manageable and can be constructed to closely mimic 
natural systems. 

APPLICATIONS 
There remains a very large gap between the 

theoretical manipulations of epidemic models and 
the application of models to specific diseases, 
especially on a large scale. The literature contains 
many efforts and great progress is being made in 
this direction, but we are still a long way from 
general applicability. 

One of the most important factors limiting the 
application of models to specific diseases is the 
lack of adequate epidemiologic data. An applied 
model is only as good as the completeness of the 
data on which it is based since the estimation of 
parameters is partially based on figures from actual 
epidemics. In order to obtain a deeper level of 
understanding of a specific disease process, data on 
the household or herd level will be necessary. 

Usually, parameters must be estimated from in- 
complete and inadequate data. Until better data is 
available, this is the best that can be expected. 
Maximum likelihood estimation of parameters can 
be used, but usually only P, the relative removal 
rate, can be estimated from the data. This gives only 
the ratio of y and ß. The technic is discussed by 
Bailey (1975) and by books on optimization theory. 
Another way of circumventing inadequate data is to 
base the model on other parameters.^^ 

Once a model has been constructed, it must be 
validated against a set of data other than that on 
which it was based. This could be from a different 
previous epidemic or from some future epidemic. 
Obviously the greater the number of epidemics for 
comparison and the greater the degree of agreement, 
the better the model. But care must be taken when 
attempting to apply a model to a situation which 
does not correspond to the specific circumstances 
from which the model was derived.^* 
13 The FMD models associated with this project are based on the number 
of new cases generated by each infective per time period. This informa- 
tion is easily extracted from the data. The validity of basing a general- 
ized model for FMD on this parameter both for various populations and 
time periods remains to be established. However, it offers an alternative 
to the general theories of epidemics described earlier. 
1* An extreme example of this type of problem would be to attempt to 
extrafiolate Type A FMD in South America to Type O FMD in the 
United States. 

Many of the more useful models have been based 
on well-defined data from small populations, and 
they were applied to the type of population and 
circumstances from which they were derived.^^ By 
considering a small population, the assumption of 
homogeneous mixing is most closely approximated. 
Classrooms, families, and herds are examples. Also, 
by considering circumscribed populations, the varia- 
tion of parameters within the group can be better 
controlled. The spread of a disease in a city of 3 mil- 
lion people would not be expected to be at the same 
rate as in a State having the same population. Nor 
would the course of an epidemic in 1 million dairy 
cattle in Wisconsin be expected to be the same as 
in a like number of range cattle. Models have been 
formulated to deal with the question of distance 
and how it affects spread.^^ These models are mathe- 
matically complex and the quantitation of the effect 
of distance on epidemic spread remains to be 
demonstrated. 

FMD APPLICATIONS 
It should be apparent by now what some of the 

benefits and limitations of modeling are even when 
extensive use of simplifying assumptions is made. 
Given the state of the art of modeling and the 
paucity of data directly applicable to the spread of 
FMD in the United States, it is doubtful that any but 
the most general model of epidemic spread could 
be produced at this time for FMD in the United 
States. 

There are several factors which reflect on this. 
The heterogeneous nature of the animal industries 
in the United States precludes a model based on 
the whole country. Even within regions of the 
United States, the different industries have different 
movement and management patterns. In the Mid- 
west, for example, the swine, beef, and dairy in- 
dustries often have very distinct patterns of move- 
ment and types of management. The disease spread 
through these different industries, especially where 
different species are involved, would not be ex- 
pected to be comparable. In addition, these sub- 
populations do have contact on particular farms and 
at sale barns, stockyards, and other gathering points. 
Models have been constructed on a small scale to 
take into account the interaction of subpopulations 
on the overall epidemic.^*^ It would be no small task 
to apply this to FMD. 
15 Dietz   (1971)  provides  a  very good  example  of this   type   of  applied 
model. He was very successful in developing and using a malaria model 
in a field project in northern Nigeria. 
" Neyman  and Scott  (1964)   describe a model  based on  spatial  effects. 
However, no general theory of two-dimensional special modeling has as 
yet been developed. The Russians (Baroyan et al., 1971] have used their 
extensive  data on  influenza incidence and intercity travel to formulate 
models and predict disease spread. 
17 For example,  Hethcote  [1976]  treats the subject of epidemics in two 
dissimilar interacting groups. 
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The fact that not all spread is due to direct con- 
tact but may be due to a common source of infec- 
tion (e.g. garbage, feed) and fomites compromises 
models based on assumptions of homogeneous mix- 
ing. As noted earlier, deterministic models can 
average out these effects but there will be a loss in 
information provided by the model. 

The "chancy" nature of any epidemic spread, 
especially in the early stages when the number of 
infected animals is relatively small, detracts from 
the usefulness of a deterministic model. It is the 
early part of the epidemic when generalizing from 
data based on large numbers to a small number of 
initial infectives has the least validity, and this is 
also the time of greatest interest for those attempt- 
ing to control the epidemic. Once the epidemic be- 
comes large enough to allow the use of parameters 
based on averages, it may be too late to use the 
model in decisionmaking strategies. 

This is not to say that no value at all can be 
derived from modeling, but that as far as FMD in 
the United States is concerned, the effort should be 
directed toward investigating stochastic and simula- 
tion models which take into account such factors as 
different routes of spread, different subpopulations, 
the effect of distance, and differences in manage- 
ment. These models could be very effective in 
supplying information about the epidemiology of 
FMD and could also be used in testing various 
control strategies. By varying the parameters, the 
models could be applied to circumscribed areas of 
the United States. 

Work with the double-binomial model shows 
promise in this respect for chronic diseases such 
as T.B. in cattle.^^ However, because of the rapid 
spread within a herd, the highly infectious nature 
of FMD and the fact that if one animal in a herd 
is infected with FMD, the whole herd is considered 
infected for control purposes, the double-binomial is 
not directly applicable to FMD models. FMD epi- 
demic spread can be considered a special case of 
the double-binomial in which the intra-herd spread 
is considered to be total and instantaneous. 

SUMMARY 

This paper has presented an overview of general 
mathematical models of epidemics. Deterministic 
models always yield the same results given the same 
initial conditions. Stochastic models are concerned 
with the probabilities of certain outcomes and are 
solved analytically. Simulation models are also con- 
cerned with probabilities but are solved by actually 
running a mock epidemic, usually on a computer. 

18 Victor Beale of the U.S. Department of Agriculture has prepared a dis- 
cussion of the use of such a model. 

Deterministic models are in general less complex 
and also less useful from the point of information 
generated. Stochastic models are more realistic (be- 
ing based on probabilities) but are also mathemati- 
cally complex. This tradeoff between simplicity and 
mathematical tractability is of great practical im- 
portance. 

The application of any model to a disease is 
limited by the amount of data available. A model 
must, at least in part, be based on field data and 
must be validated by another set of data. It is this 
fact and the fact that modeling is still a developing 
science as far as practical applications to epidemics 
is concerned, that limits the development of a useful 
FMD model. Other problems are the diverse nature 
of the U.S. animal industries and the difficulty of 
extrapolation of what data there is from other coun- 
tries to U.S. conditions. 

It would seem that the most rewarding efforts in 
the development of an FMD model would be 
directed toward small, homogeneous, and circum- 
scribed populations. These models should be sto- 
chastic in simulations. Great care should be taken 
before any model is applied to the United States in 
general, especially as regards decisionmaking. Efforts 
on modeling should continue while realizing their 
severe limitations for the near future. 
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TECHNICAL REPORT NO. 7 

A STATE-TRANSITION MODEL OF EPIDEMIC FOOT-AND-MOUTH DISEASE 

Willem M. Miller 1 

INTRODUCTION 

In the course of this study of the likely economic 
effects of an outbreak of foot-and-mouth disease 
(FMD) in the United States, it was decided to 
investigate the feasibility of mathematical model- 
ing in the prediction of such an outbreak. Such a 
technique is inevitably required in the case of a 
cost-benefit analysis of a disease control strategy, 
as it is necessary to hypothesize what would be 
expected to happen if the strategy was or was not 
applied. Ellis first used this approach in the evalu- 
ation of hog cholera eradication in Great Brit- 
ain. [11]^ Little has been published of a specifically 
veterinary nature in modeling or simulation, al- 
though the first attempts were made as early as 1866 
by William Farr, concerning the prediction of the 
cattle plague outbreak of that time. (12] He had 
previously analyzed the English smallpox epidemic 
of 1837-39 and calculated that the second ratios of 
incidences (or ratio of ratios) were approximately 
constant (which was analogous to fitting a symmet- 
rical curve to the data). In the cattle plague pan- 
demic, he employed the third ratio (for an unex- 
plained reason) and made a remarkably precise 
prediction. (4) 

It was 40 years later when Brownlee began to 
publish work of a similar nature in which he 
further developed the curve-fitting approach and 
noted the tendency to positive skewness in epidemic 
curves (which he attributed to the diminishing in- 
fectivity of the organism). He also illustrated the 
relationship between ''infectivity", length of epi- 
demic, and proportion remaining uninfected at the 
end. (5) 

From 1915 onwards. Sir Ronald Ross began to 
challenge the empirical approach [27] and using 
malaria data (from a particularly well-described sit- 
uation) he proposed a more mechanistic technique 
based upon a set of differential equations. [28] Epi- 
demic models have taken two rather separate paths 
of development since Ross's time. One approach 
has been that of the pure mathematicians who have 

1 Epidemiologist, Central Veterinary Laboratory, Weybridge, England. 
2 Italic numbers in parenthesis indicate references  cited in  the  bibliog- 
raphy of this report. 

developed a number of theoretical concepts, e.g., 
Kermack and McKendrick [18] "Threshold Theory" 
and Bailey (2) ''Generalized Stochastic Epidemics". 
(An example of veterinary interest is the work of 
Taylor on optimal control in Bovine Viral Diarrhea). 
[32] 

On the other hand, a number of models of specific 
diseases have been developed recently, with the 
emphasis on realism rather than mathematical rigor. 
In medical epidemiology, examples are found for 
Tuberculosis [34,35], Leprosy [21], Common Cold 
[14], Trachoma [31], and Malaria (9). 

Models have also been used to explore the eco- 
nomic aspects of control programs in diseases 
such as Tuberculosis [26] and Typhoid (7). 

In the veterinary field, examples are Haemonchi- 
asis [25], Mastitis [22], Foot-and-Mouth Disease [17, 
29,33], Brucellosis [6,16,22], Hog Cholera [11], 
Babesiasis [10], and Cattle Scabies [20]. 

The above lists are not exhaustive, they merely 
indicate some of the more important work in this 
area. 

What is plain from a review of the literature is 
that there is no single approach applicable to all 
infectious diseases, and that the problems faced 
by the veterinary epidemiologist are different from 
those in human disease. Indeed, farm animal epi- 
demics have much in common with those of plants 
and for that reason the conference on epidemics of 
plant diseases reported by Kranz (19) is of consid- 
erable interest. For an excellent introduction to 
epidemic simulation, the reader should consult 
Bailey's text (2) and possibly the historical review 
of Serfling [30]. 

AIMS 

The aim of this work was to construct a model 
of FMD which would simulate the spread of the 
disease across the United States commencing at 
the stage where the disease was well established 
and traditional control measures were no longer 
effective. 
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EPIDEMIC MODELS 

Whenever we summarize a system verbally, phys- 
ically, or mathematically, we construct a "model." 
It is a symbolic description of those parts of the 
system in which we are particularly interested. 
In epidemiology, mathematical models [commonly 
evaluated by a computer) are of increasing impor- 
tance because they facilitate the study of the com- 
plex, interlocking systems which influence disease 
spread. They can be used to simulate large out- 
breaks of disease which would be too costly or 
dangerous to experiment with and allow numerous 
repetitions of the experiment at minimal cost. They 
also serve to organize knowledge and may indicate 
mechanisms of particular (and unexpected) im- 
portance. There may be many models of the same 
disease, all with a contribution to make. The choice 
of an appropriate one is often difficult and an open 
mind in this matter is vital. What is necessary is to 
strike "... an appropriate balance between realism 
and abstraction for the purpose in hand". [24] 

To be useful a model should have the following 
characteristics: 

1. Its pathways should be intuitively acceptable. 
2. It should behave in a biologically and mathe- 

matically reasonable way [e.g., it should be 
"sensitive" to appropriate variables). 

3. It should mimic real life situations. 
4. It should be simple enough for rigorous testing 

and yet complex enough to adequately repre- 
sent the particular aspect of the system under 
study. 

5. If it is to be used as a tool in decisionmaking, 
its scope and limitations should be fully com- 
prehended by the decisionmaker. 

THE STATE-TRANSITION MODEL 

There is, as has already been stated, a wide range 
of possible approaches to the simulation of disease 
spread. The present model was developed from a 
Markov Chain model, suggested by Drs. Riemann 
and Franti from the University of California, Davis. 
[The Markov Chain is a special case of a State- 
Transition model but the basic assumptions of no 
history and constant transition matrix are not ap- 
propriate to the epidemic situation.) 

The State-Transition approach is more general 
and permits the building of a model in which a 
variety of control strategies can be examined. It is 
also easy to program and cheap to run. As this par- 
ticular application involves large-scale epidemics, 
the fact that it is deterministic [not having an ele- 
ment of randomness) is of no consequence. It can 
be used on populations of almost any size  [e.g.. 

that of the United States FMD-susceptible animal 
population). 

In this model, the basic unit is the herd [or prem- 
ises). Herds are considered to be in one of four 
mutually exclusive states: "Susceptible," "Infec- 
tious," "Immune," and "Removed" [or "Dead"). In 
the version of the model described in this report 
only the pathways [or "transitions") shown in 
figure 7-1 are considered: [for a list of definitions 
see appendix A). 

Each week, the probability of every transition is 
calculated and the proportions of herds in each state 
during the next week are thus derived. This is 
termed a discrete-time process [the calculations are 
done at the end of each week). 

It is convenient to represent the pathways in a 
transition matrix.  Figure 7-2. 

Each cell contains the probabilities of transition 
from one state to another during a particular week. 
They are reset each week, if necessary. A worked 
example can be found in appendix B. Not all tran- 
sitions are considered in FMD7. Some are obviously 
impossible [e.g.. Infectious to Susceptible) and 
others are unimportant [e.g.. Removed to Infectious 
or "Recrudescence"). 

By scanning each row horizontally, one can see 
all possible outcomes for each state, in 1 week. The 
sum of these probabilities must be unity. That is to 
say, an "Infectious" herd must become either "Im- 
mune" [through convalescence) or "Removed" [by 
slaughter) after 1 week. Conversely, each column 
shows the source of the immediate predecessors to 
each state [i.e., herds currently in the "Immune" 
state must be derived from those that were either 
effectively vaccinated, acquired convalescent im- 
munity, or remained immune, in the previous week). 

To run the model, it is necessary to calculate a 
list [or vector) of proportions of herds expected to 
be in each state at the starting point. 

Initially it is calculated as follows: 

P[l) = Proportion of herds susceptible at the onset 
P[2) = Proportion of herds infectious at the onset 
P[3) = Proportion of herds immune at the outset 
P[4) = Proportion of herds removed at the outset 

Each succeeding week the transition matrix is 
then updated and multiplied by the probability 
vector. See the example in appendix B. The product 
[transition matrix X probability vector) indicates the 
probability of herds being in each of the states at 
the end of the week. The probabilities of the herds 
being in a particular state are extrapolated to indi- 
cate the proportions of the herds expected to be 
in each state and thus the expected numbers in each 
state. This process is allowed to continue for a 
specified number of weeks. 
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Figure 7-2.    State-Transition matrix 

From: 
(States of 
origin) 

To: (States of destination) 

Susceptible Infectious Immune Removed 

Susceptible Remaining 
susceptible 

Infection Effective 
vaccination 

•Contact' 
slaughter 

Infectious * * Convalescent 
immunity 

Slaughter 
of affected 

Immune Waning 
immunity 

* Remaining 
immune 

* 

Removed Restocking * * Remaining 
depopulated 

*Pathways not considered in this model. 

The approach used in FMD7 differs from that of 
Tinline [33] in which a detailed analysis of the 
1967-68 FMD outbreak in the United Kingdom led 
to a spatial model capable of examining the wind- 
borne spread hypothesis. In the FMD7 application, 
where the unusual meteorological conditions of the 
United Kingdom epidemic could not be assumed 
to be present, it was not possible to utilize such 
parameters, nor was it possible to set up a truly 
spatial model, due to the size constraints on a 
computer model of the entire United States. 

SIMULATION OF DISEASE SPREAD 

The probability of a susceptible herd becoming 
infected in a particular week is considered as a 
function of the number of infectious herds (which 
indicates the number of point sources of agent) in 
the previous week and the dissemination rate (its 
propensity to spread to other herds). 

Because herds are fixed in space and generally 
have only indirect or "passive" contact with other 
herds (through marketing movements, personnel, 
feedstuffs, etc.), the traditional medical concept of 
"adequate contact" occurring at random amongst 
a homogeneously mixing population (1) is inappro- 
priate. An alternative approach is therefore sug- 
gested. The Dissemination Rate (DR) represents the 
average number of herds (or premises) to which 
agent is delivered by each infected herd, irrespective 
pf that herd's status. 

Dissemination Rate depends upon a number of 
factors: 

Type of farming 

Animal movements 

Environmental —Topography 
—Herd density 
—Weather, etc. 

—Husbandry 
—Fomite opportunities 

(e.g. Milk tankers) 
—Marketing 
—Pasture seeking 

Farmer behavior —Movements 
—Disease security 

Disease control effects—Quarantine 
—Movements standstills 

In epidemics affecting farm animals, it is most 
unusual for the outbreak to be halted by lack of 
susceptibles alone. Therefore diminishing DR usu- 
ally has the stronger influence upon termination. 

Diminution of DR may be due to: 
Factors initially favorable to dissemination no 

longer acting. 
Disease control effects. 
Increased awareness amongst stock owners. 
Less favorable topography being encountered. 
"Easy" targets having been used up. 
As can be seen from figure 7-3 (data from 1967-68 

FMD outbreak in Great Britain), Estimated Dis- 
semination Rate per week (EDR) (which is equiva- 
lent to the ratio of incidence in one week to 
incidence in the next week) decays exponentially 
towards a value of about 0.75 (data in appendix C). 

Transformation of the data reveals that logio EDR 
can be conveniently decomposed into two linear 
regressions, the second of which is approximately 
horizontal. 

In other words. Log DR can be estimated by three 
parameters: 

Bo—Its value at time zero (intercept) 
Bi—Its rate of decay (slope) 
B2—Its minimum value ("plateau") 
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Therefore the current Log DR = Bo + (Bi X Cur- 
rent Week Number). 

Subject to a minimum value (B2}. The constant 
DR (homogeneous mixing) situation is a special case 
where Bi is zero. This model is admittedly simplis- 
tic and has no explicitly spatial characteristics, but 
does behave in an analogous way. A truly spatial 
model on a national scale would require a far more 
complex (and possibly unworkable) formulation. 

To calculate the probability of any herd com- 
municating with at least one infectious premises, it 
is considered as a Poisson variable, which estimates 
the probability of a herd being exposed at least 
once, i.e. 

Probability of a susceptible herd _ 
becoming infected this week (pSI) 

3—DR X Pa 

where Pa = Proportion of herds infectious in the 
previous week (assuming that herds excrete virus 
in significant quantities only during the week fol- 
lowing infection). 

The formula chosen for pSI is the key to the 
performance of the model. Many alternatives exist 
and some have been investigated. The simple proba- 
bility (Pa X DR) is unsuitable because pSI can never 
be greater than 1. The chain binomial expression 
pSI = 1 — (1 — Pa)^^ behaves in a more satisfac- 
tory way but fails to allow for the possibility of a 
herd being exposed more than once. The double 
binomial described by Beal and Kryder (6) is an 
attractive solution and a simplified version could 
be incorporated in a State-Transition framework to 
examine the effects of herd size strata on spread. 
This would undoubtedly add realism to the simula- 
tion, but would demand more data and time. 

SIMULATION OF CONTROL STRATEGIES 

Provided that it is possible to represent a control 
strategy (or disease pathway) in the transition 
matrix, it is a relatively simple matter to incorpo- 
rate it in the program because such strategies can 
be represented as changes in particular transition 
probabilities. 

Contact Slaughter 

In the model, slaughter of "dangerous contact" 
herds is interpreted as "removing" those herds 
which would have become infectious in the current 
week. The strategy is very effective in halting an 
epidemic; however, in reality it is difficult to iden- 
tify a high percentage of such herds in time, unless 
a "scorched earth" policy is adopted. (See figure 7-7 
for examples.) 

Slaughter of Affected Herds 

Slaughter of affected herds in the epidemic situa- 
tion is necessary if they are not to remain as 
possible long-term foci of infection, but because 
the vast majority of virus is excreted before lesions 
appear, this strategy is not considered to affect the 
quantity of virus released. Although it is a sim- 
plistic view, it seems adequate for the purposes of 
the epidemic model. In the endemic situation, it 
would be inadequate. 

Infectious and contact herds which have been 
slaughtered join the "removed" category until re- 
stocking is due. They then revert to the susceptible 
state. 

Vaccination 

It is possible to simulate a program of vaccina- 
tion during a specified time period. This can be 
done by storing the number of herds becoming 
immune each week in a vector, which is updated to 
account for new vaccinations, revaccinations, and 
waning immunity. 

Movement Restrictions 

It is theoretically possible to represent market 
closures, quarantine, etc., as a reduction in DR. 
However, the effects of such controls are difficult 
to quantify and their actual relationship to DR is 
not known. It has therefore not proved possible to 
simulate them, beyond stating that a reduction of 
DR leads to a marked reduction in epidemic size 
and duration. 

APPLICATION OF THE MODEL TO THE 
UNITED STATES SITUATION 

The objective was to simulate the most serious 
possible FMD epidemic in the United States. Of 
course, epidemics of FMD are, by definition, rare 
events (only eight epidemics in the United States 
since 1870) and the most severe are rarer still, even 
in the United Kingdom where there were 632 "pri- 
mary outbreaks" ^ from 1942 to 1967, with 58 per- 
cent being confined to one premise. [13,23] How- 
ever, if the disease entered the marketing system, 
and suddenly became established in a majority of 
States and traditional controls were abandoned, a 
national pandemic would be inevitable (leading 
eventually to an endemic situation). 

How soon could this point be reached? Unfor- 
tunately, the only data on which one can base an 
estimate of the possible rate of spread of FMD in 
wholly susceptible stock is that from the United 

3 A primary outbreak is one that cannot be linked with any known sources 
of infection and is therefore attributed to the virus having been introduced 
from abroad. 
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Kingdom in 1967-68. [23] Figure 7-4 demonstrates 
how, with the DR diminishing at a rate only slightly 
more slowly than in the United Kingdom, that a sit- 
uation demanding the abandonment of traditional 
controls could be reached 4 or 5 weeks after intro- 
duction. Of course, it couJd take much longer, but 
it is epidemiologically feasible, even in 4 weeks. 
(Output in appendix D) 

After abandoning traditional control measures; 
what then? For the purposes of this simulation, the 
United States was divided into three regions [see 
figure 7-5 and supporting appendices E and F). The 
range States (Region II) were treated separately, on 
the grounds that: 

1. Rates of spread would be much slower under 
range conditions. 

2. The disease would reach Region II, only when 
it was well established in Region III (as the 
movement of cattle is generally out of Region 
II). 

Regions I and III (the nonrange States) were con- 
sidered together, because of marketing connections 
and the likelihood of spread into California feed- 
lots and dairies. The choice of DR was obviously 
crucial, but given that the objective was to stimu- 
late the worst possible situation, it was reasonable 
to be guided by data (where available) and intui- 
tion. It would certainly be reasonable to expect such 
a disaster subsequent to multiple introductions, ex- 
tensive market involvement especially during the 
fall, or if the source remained undiscovered for any 
length of time—in fact in any situation where the 
disease outpaced regulatory authorities. 

A pandemic does not necessarily imply total 
abandonment of controls and it is likely that self- 
imposed quarantine and interstate embargoes would 
at least temporarily halt the spread of the epidemic. 
Such factors cannot be quantified so the simulation 
was made on the basis that disease was widespread 
(say 25 herds in each of the 40 States in Regions I 
and III) and that it would merely diffuse across each 
State, limited both by diminishing DR and by lack 
of susceptibles (as the convalescent herds became 
immune). 

The results are shown in figure 7-6. In reality, 
because of the factors such as quarantine, the main 
peak would probably be smaller and the epidemic 
would have a more pronounced "tail," due to the 
various subepidemics (each with their own DR's) 
which tend to "blur" the peak. The predicted 
attack rates (56 percent in Regions I and III and 66 
percent in Region II are probably underestimates 
for the same reason). 

The DR in the pandemic was derived from that 
which occurred in the latter stages of the United 

Kingdom epidemic and was found to allow a reason- 
ably protracted outbreak. 

In summary, a "runaway" FMD outbreak could 
peak in as little as 15 weeks and might affect 100,000 
herds per week at that time. Such a pandemic would 
be expected to decline significantly by the 30th 
week, having affected a minimum of 60 percent of 
the population. The epidemic would subside due 
to lack of susceptibles and diminishing DR and 
would probably reappear after the 60th week, if 
immunity were to wane (e.g. due to herd turnover 
and natural loss of protection). It would then begin 
a series of endemic cycles (upon which seasonal 
patterns would probably be superimposed). 

THE IMPACT OF VARIOUS RATES OF 
"CONTACT" SLAUGHTER 

One of the tasks to which the model is well suited 
is the demonstration of the (theoretical) relationship 
between levels of control and their outcome. Con- 
tact slaughter (CS) is a case in point. 

The model was set to emulate the United King- 
dom outbreak. Although a considerable amount of 
"dangerous contact" slaughter was undertaken at 
that time, it was effectively included in the calcula- 
tion of EDR. So the simulated CS rates were super- 
imposed on what had already been done. 

Effective CS requires that herds are removed 
before they become infectious. It is therefore ex- 
tremely difficult to achieve rates of above 50 per- 
cent, especially if the epidemic is of any size, but 
the results can be dramatic as figure 7-7 shows. 
Notice that 100 percent CS (the "scorched earth" 
policy) is most effective. Figure 7-7 shows the di- 
minishing returns to increased CS rate beyond about 
60 percent CS and that if 19 percent of the infectious 
herds in the United Kingdom outbreak could have 
been anticipated by CS, then the size of the epi- 
demic could have been halved. 

DISCUSSION 
Although one can make no special claims re- 

garding the reliability of the FMD7 simulation, its 
construction certainly brought a number of issues 
into sharper focus. The main problem has been to 
compromise between realism (which leads to im- 
possible complexity and requires unobtainable data) 
and practicality (which may be too simplistic). The 
outcome has been a simple, flexible model, which 
is economical to use and this has enabled extensive 
testing. It has provided a basis on which to estimate 
the scale of a "runaway" epidemic.^ 

The model also has a variety of other possible 
applications. It has been used to examine the theo- 

< The  Systems  Analysis  and FORTRAN program  are  available from  the 
author. 
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Non-Range States (Regions I & III) 
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Figure 7-6. A pandemic in the United States—the "worst case." 
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retical relationship between a variety of epidemio- 
lógica! parameters (e.g., total size of epidemic and 
contact slaughter rate). The results are sometimes 
unexpected and may point to the need for better 
data, further refinements to the model, or may illu- 
strate important aspects of control philosophy (e.g., 
the timing of vaccination campaigns and the benefits 
of vaccines of various costs and potencies. Ruben- 
stein [29] proposes to use a Markov chain model 
of endemic FMD to investigate the economic aspects 
of control measures. The obvious weakness of the 
previous discussion of a U.S. pandemic is that we 
can only guess at the dissemination rate. However, 
in an actual epidemic, it is possible to measure the 
DR and its trend and thus parametrise the model. 
The effect of control activities can then be super- 
imposed upon the predicted course of the outbreak 
(ceteris paribus) and it is thus possible to demon- 
strate their efficacy and therefore their logistic and 
economic consequences. 

A version of the model suitable for teaching (for 
both students of epidemiology and decisionmakers) 
has been tried with some success and further de- 
velopments are underway. Computer models offer 
the only means whereby students can "experiment" 
with epidemics, and it is possible to incorporate a 
considerable degree of realism and graphical output 
in the programs without excessive use of computer 
resources. 

CONCLUSIONS 

The State-Transition model provides a simple, 
versatile, yet reasonably realistic, representation of 
a large epidemic. Its nonspatial aspects can to some 
extent be compensated by a variable dissemination 
rate. The model suggests that in the event of a "run- 
away" epidemic of FMD in the United States, 60 
percent of the susceptible herds could be affected 
within as few as 30 weeks and that in the absence 
of vaccination, the disease would increase in inci- 
dence after 60 weeks and begin a series of endemic 
cycles. Even with dissemination rates only slightly 
greater than those seen in the United Kingdom 
epidemic, a "runaway" situation (1,000 herds per 
week) could be reached in as little as 5 weeks. 

The beneficial effects of contact slaughter are 
illustrated and the model indicates that if 19 per- 
cent of potentially infectious herds could be slaugh- 
tered before excreting virus, the total size of an 
epidemic (similar to the United Kingdom 1967-68 
epidemic) could be reduced by half. 
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APPENDIX A: DEFINITIONS (NOT AN EXHAUSTIVE LISTING) 

FMD Virus 

Herd 

Infection 

Infectious 

Dissemination- 

Effective 
Vaccination 

Susceptible 
Herds 

Immune 

Removed (or 
dead) Herds 
(or premises) 

-Any biotype of the foot-and-mouth disease virus of comparable transmissibility and viru- 
lence to types O, A, C, and SAT. 

-Any group of cloven-hooved animals residing on one premises having contact with one 
another such as to enable the uninhibited spread of FMD Virus amongst them. 
Note: Generally 1 farm = 1 premises = 1 herd 

-The process of acquiring the FMD Virus. 

-Able to cause Infection. 

-Communication (direct or indirect) between Infectious and other Herds such as to create 
the opportunity for Infection. 

-An effectively vaccinated Herd remains immune and cannot (for a specified period of time 
after vaccination) become Infected. 
Note: At the end of each week, a Herd must be either Susceptible, Affected, Immune, or 

Removed (dead). These states are mutually exclusive. 

-having exposure to an infectious herd will become Infectious. Alternatively, a week after 
Effective Vaccinations, they become Immune. Susceptible Herds Infected by FMD Virus 
are Infectious and remain so for 1 week. 

-These Herds may arise: 
a. after Infection By (convalescence) or, 
b. after Effective Vaccination. 

They cannot be Infected for a specified period after either of the above events. 
-Arise after slaughter of the Herd. Contact slaughter results in the removal of herds that 

would have otherwise become Infected. They may become Susceptible after restocking 
with Susceptible animals. 

APPENDIX B: AN EXAMPLE SHOWING INTERMEDIATE CALCULATIONS 

WELCOME TO FMD8 
(FOR YES TYPE '1'—FOR NO 'O') 
INTERMEDIATE CALCULATIONS REQUIRED? 1 

ENTER THE PARAMETERS 
FOR HOW MANY WEEKS? (LIMIT 200), FOR HOW MANY HERDS? 10,100 
INITIAL DISSEMINATION RATE (WEEK ONE)? 4 
EXPECTED TIME TO EPIDEMIC PEAK (OR DR = 1.0 PLUS ONE) 
(ASSUMING NO CONSTRAINTS DUE TO LACK OF SUSCEPTIBLES 

OR CONTROL -ZERO = CONSTANT DR)? 4 

MINIMUM DR (PLATEAU)? .75 
PERCENTAGE OF INFECTIOUS HERDS SLAUGHTERED? 90 
PERCENTAGE OF CONTACTS SLAUGHTERED? 10 
AVERAGE DURATION OF HERD IMMUNITY IN WEEKS? 6 

DELAY BEFORE RESTOCKING (WEEKS)? 4 
NO. OF HERDS INFECTIOUS AT THE OUTSET? 10 
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WEEK 
O 

DR 
4.00 

SUSCEPTIBLE 
90 

INFECTIOUS 
10 

IMMUNE 
O 

REMOVED 
O 

PROB. VECTOR 0.6033 0.2670 0.0100 0.1197 
TRANS. MATRIX 0.6703 0.2967 0. 0.0330 

0. 0. 0.1000 0.9000 
0. 0. 1.0000 0. 
0. 0. 0. 1.0000 

PROPN. BECOMING IMMUNE 0.0100 
PROPN. BECOMING REMOVED 0.1197 

1                          2.00 60 27 1 12 

PROB. VECTOR 0.3537 0.2247 0.0367 0.3850 
TRANS. MATRIX 0.5862 0.3724 0. 0.0414 

0. 0. 0.1000 0.9000 
0. 0. 1.0000 0. 
0. 0. 0. 1.0000 

PROPN. BECOMING IMMUNE 0.0267 
PROPN. BECOMING REMOVED 0.2653 

2                         1.00 35 22 4 38 

PROB. VECTOR 0.2825 0.0640 0.0592 0.5943 
TRANS. MATRIX 0.7988 0.1811 0. 0.0201 

0. 0. 0.1000 0.9000 
0. 0. 1.0000 0. 
0. 0. 0. 1.0000 

PROPN. BECOMING IMMUNE 0.0225 
PROPN. BECOMING REMOVED 0.2093 

3                           0.75 28 6 6 59 

PROB. VECTOR 0.2692 0.0119 0.0656 0.6533 
TRANS. MATRIX 0.9531 0.0422 0. 0.0047 

0. 0. 0.1000 0.9000 
0. 0. 1.0000 0. 
0. 0. 0. 1.0000 

PROPN. BECOMING IMMUNE 0.0064 
PROPN. BECOMING REMOVED 0.0590 

4                          0.75 27 1 7 65 

PROB. VECTOR 
TRANS. MATRIX 

PROPN. BECOMING IMMUNE 
PROPN. BECOMING REMOVED 

0.3865 
0.9911 
0. 
0. 
0.1832 

0. 
0.0080 
0. 
0. 
0. 

0.0668 
0. 
0.1000 
1.0000 
0. 
0.0012 

0.5446 
0.0009 
0.9000 
0. 
0.8168 

0.0110 
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WEEK                      DR                  SUSCEPTIBLE INFECTIOUS IMMUNE REMOVED 

5                         0.75 39 0 7 54 
PROB. VECTOR 
TRANS. MATRIX 

PROPN. BECOMING IMMUNE 
PROPN. BECOMING REMOVED 

0.6518 
1.0000 
0. 
0. 
0.4872 

0. 
-0.0000 

0. 
0. 
0. 

0.0668 
0. 
0.1000 
1.0000 
0. 
0. 

0.2793 
-0.0000 

0.9000 
0. 
0.5128 

-0.0000 
6                         0.75 65 0 7 28 

PROB. VECTOR 
TRANS. MATRIX 

PROPN. BECOMING IMMUNE 
PROPN. BECOMING REMOVED 

0.8711 
1.0000 
0. 
0.1498 
0.7496 

0. 
-0.0000 

0. 
0. 
0. 

0.0568 
0. 
0.1000 
0.8502 
0. 
0. 

0.0699 
-0.0000 

0.9000 
0. 
0.2504 

-0.0000 
7                          0.75 87 0 6 7 

PROB. VECTOR 
TRANS. MATRIX 

PROPN. BECOMING IMMUNE 
PROPN. BECOMING REMOVED 

0.9568 
1.0000 
0. 
0.4704 
0.8431 

0. 
-0.0000 

0. 
0. 
0. 

0.0301 
0. 
0.1000 
0.5296 
0. 
0. 

0.0110 
-0.0000 

0.9000 
0. 
0.1569 

-0.0000 
8                         0.75 96 0 3 1 

PROB. VECTOR 
TRANS. MATRIX 

PROPN. BECOMING IMMUNE 
PROPN. BECOMING REMOVED 

0.9902 
1.0000 
0. 
0.7473 
1.0000 

0. 
-0.0000 

0. 
0. 
0. 

0.0076 
0. 
0.1000 
0.2527 
0. 
0. 

-0.0000 
-0.0000 

0.9000 
0. 

-0.0000 

-0.0000 
9 0.75 

TOTAL OUTBREAKS 
99 
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APPENDIX C: THE UNITED KINGDOM FMD EPIDEMIC 1967-68 

Week 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Incidence 
per week 

23 
104 
222 
404 
490 
330 
218 
188 
134 

88 
47 
37 
21 
14 

5 
8 
3 
3 
O 
O 

Estimated 
dissemination 

rate (EDR) 

4.52 
2.13 
1.82 
1.21 
0.67 
0.66 
0.86 
0.71 
0.66 
0.53 
0.79 
0.57 
0.67 
0.36 
1.60 
0.38 
1.00 
0.00 

Log 10 EDR 

0.66 
0.33 
0.26 
0.08 

-.17 
-.18 
-.06 
-.15 
-.18 
-.27 
-.10 
-.25 
-.18 
-.45] 1 Estimates 
0.20 unstable 

-.43 > due to 
0.00 low 
  1 numbers 

Source; Report of the committee of inquiry on foot-and-mouth disease (1968] H.M.S.O. fCmnd. 3999). The Northumberland Report. 

APPENDIX D: OUTPUT FROM 'TIME TO PANDEMIC" RUN 

Note: 23 herds infectious in week 1 [as in United Kingdom 67-68). DR diminution rate 30 percent higher 
than United Kingdom 67-68. (Time to peak is 7 weeks—not 5.25) 

Considering 2,011,408 herds 
Initial LDR .655 Slope—.313 Minimum—.125 
Percentage of infectious herds slaughtered 100.00 
Percentage of contacts slaughtered 0 
Average duration of immunity 20 weeks 
Delay before restocking 12 weeks 

Week DR Susceptible Infectious Immune Removed 

1 4.52 2,011,385 23 0 0 
2 3.34 2,011,281 104 0 23 
3 2.47 2,010,934 347 0 127 
4 1.83 2,010,075 859 0 474 
5 1.35 2,008,507 1,568 0 1,333 
6 1.00 2,006,391 2,116 0 2,901 
7 0.75 2,004,281 2,110 0 5,017 
8 0.75 2,002,705 1,576 0 7,127 
9 0.75 2,001,528 1,177 0 8,703 

10 0.75 2,000,650 878 0 9,880 

Total outbreaks 10,758 

See figure 7-3. 
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APPENDIX E: NUMBER OF FARMS BY STATE—1974 (ALL CLASSES) 

Region L 

California 
Oregon 
Washington 

Subtotal 

63,000 
32,500 
40,000 

135,500 

Region II. 

Arizona 
Colorado 
Idaho 
Montana 
Nevada 
New Mexico 
Utah 
Wyoming 

Subtotal 

5,900 
29,000 
26,200 
24,900 

2,000 
11,600 
12,400 

8,200 

121,200 

Region III. 

Alabama 
Arkansas 
Connecticut 
Delaware 
Florida 
Georgia 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 

77,000 Nebraska 
68,000 New Hampshire 
4,300 New Jersey 
3,600 New York 

34,000 North Carolina 
75,000 North Dakota 

126,000 Ohio 
106,000 Oklahoma 
137,000 Pennsylvania 

84,000 Rhode Island 
126,000 South Carolina 
47,000 South Dakota 

7,700 Tennessee 
17,800 Texas 

5,700 Vermont 
79,000 Virginia 

118,000 West Virginia 
84,000 Wisconsin 

139,000 
Subtotal 

Total: 2,816,060 

69,000 

2,500 

8,100 

55,000 

135,000 

41,500 

117,000 

86,000 

71,000 

660 

47,000 

43,500 

124,000 

209,000 

6,500 

73,000 

26,500 

105,000 

2,512,360 

Source; U.S. Department of Commerce. Bureau of Census. 
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APPENDIX F: LIVESTOCK AT RISK TO FMD IN THE UNITED STATES—1974 

Farm types not considered at risk: 
1969* ESTIMATED 1974 

Cash-grain 369,312 
Tobacco 89,903 
Cotton 40,534 
Other field crops 31,190 
Vegetable 19,660 
Fruit and nut 53,754 
Poultry 57,545 

Total not at risk 
(class 1-5) 661,898 

Total not at risk 
(all farms) 1,042,375^ 

Farm types considered at risk: 

Dairy 260,956 
Other livestock 568,201 
Livestock ranchers 79,683 
General farms 126,527 
Miscellaneous farms 36,418 

Total at risk 
(class 1-5) 1,071,785 

Total at risk 
(all farms) 1,687,8751 

Totals (all farms) 2,730,250 

683,794^ 

1,074,613 (38%)' 

1,107,2411 

0A13 1,741,447'       (62%) 

2,816,060      (100%) 

1 The latest available census. 
2 Estimates. 
3 An underestimate due to "secondary" Jivestock enterprises on an apparently "not at risk" premises, probably 75 percent. 
Note: "Farms, class 1 to 5": Farms with sales of $2,500 or over represent 73 percent of all farms. 
Source: United States Department of Commerce, Bureau of Census. 
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TECHNICAL REPORT NO. 8 

IMPACT OF DISEASE AND FEED RESTRICTION ON ANIMAL GROWTH PERFORMANCE: 
A REVIEW 

E. Hunt McCauley ^ 

INTRODUCTION 

Weight loss and poor growth performance are fre- 
quently described as losses from animal disease. 
This is probably true for diseased animals with ex- 
tensive, permanently damaged tissue and for all ani- 
mals during the short period of anorexia of disease. 
The long-term effect of disease on weight loss or 
growth performance is not as clear. We know that 
some livestock producers will deliberately restrict 
the diet of calves during time of depressed feed 
supplies with the knowledge that when ample feed 
is again available at an acceptable price (spring pas- 
ture, for example) these animals will perform even 
better than calves which are not restricted, at least 
for a short time. This practice is a calculated man- 
agement risk of the cattle business, and whether or 
not the end results turns out to be a financial net 
loss compared to the continuous feeding of an un- 
restricted diet depends on the relative prices of feed, 
the length of the restricted diet period, the degree 
of restriction, the quality of the diet after the re- 
striction, and the animal's size at the time the final 
performance judgment is made (usually at the time 
of marketing). These same considerations also apply 
to the performance of animals following loss of 
weight due to anoxeria of disease. 

The impact of disease on performance is de- 
scribed conceptually in figure 8-1. In the considera- 
tion of economic loss due to the effect of disease on 
growth performance, we are principally interested 
in physical losses which result in financial losses 
of delayed return to capital and labor and the in- 
creased feed requirements. Will we be able to mar- 
ket animals whose growth is interrupted by disease 
at the same time and after having consumed the 
same amount of feed as animals whose growth is 

1 Assistant Professor, College of Veterinary Medicine, University of Min- 
nesota, St. Paul, Minn. 55108. The author gratefully acknowledges the sup- 
port and helpful comment of his colleagues, W. Burt Sundquist and Nasser 
A. Aulagi of the Department of Agricultural and Applied Economics; 
John C. New, Jr., of the College of Veterinary Medicine, University of 
Minnesota; and E. C. Sharman of Emergency Programs in APHIS. Dick 
Goodrich of the Department of Animal Science, University of Minnesota, 
and Roy Black of the Department of Agricultural Economics, Michigan 
State University, provided helpful guidance and ideas. Valuable editorial 
assistance was given by Katherine Tyler and Kate Boyd. Klaus Jericho 
of the Animal Disease Research Center, Lethbridge, Alberta, assisted by 
his review of the manuscript. 

not interrupted? If not, can we measure the time 
delay and extra feed requirement to market an 
animal which had been affected with the disease? 

Compensatory gain occurs in growing animals 
after some conditions of growth interruption. The 
degree of compensation will depend on variables 
such as age at the time of interruption, the duration 
of the interruption, and the severity of the interrup- 
tion. Unfortunately, there is little experimental evi- 
dence to enable us to make well-supported state- 
ments about the degree of compensatory gain that 
will occur. Figure 8-2 shows this idea and is based 
mostly on general experience with growing animals. 
The large question mark area in the middle indicates 
the ages and durations at which we are unsure of 
an animal's ability to compensate such that it has 
complete economic recovery, that is, the animal 
whose growth has been interrupted is later mar- 
keted with its herdmates at the same weight, having 
consumed the same amount of feed. 

Taking the idea a few more steps, the quantitative 
effect of three conditions of growth interruption on 
rate-of-gain and feed efficiency is shown concep- 
tually in figure 8-3. The two extreme conditions are 
postulated to be (1) complete compensation in feed 
consumption and time to reach market weight, and 
(2) increased feed consumption and longer time to 
reach market weight. 

One basic assumption to this discussion is that 
subsequent to the growth interruption, the animals 
are offered a sufficient quality and quantity of feed 
to allow them to demonstrate compensation. This 
assumption is true in many animal enterprises. It 
will not hold under conditions of grazing of poor 
pasture and/or where the animal is made lame, as 
in the case of FMD infection, so that it grazes with 
less success than its herdmates. Another basic 
assumption is that the infection does not leave any 
permanent tissue or biochemical lesion which alters 
the animal's ability to apprehend, digest, or assim- 
ilate food substances or to otherwise function nor- 
mally. This assumption is frequently false, as in the 
case of gut epithelial destruction or consolidation of 
lung tissue. 
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Figure 8-1. Spectrum of Disease Impact on Growth Performance. 

Well                  Mild. Obvious Severe Severe                                    Deatl 
short-term clinical clinical clinical 
sickness. signs. sickness. 

No permanent 
damage. 

illness. 

Permanent 
damage. 

Complete Incomplete Incomplete Stunting, 
growth growth growth lameness. 
compensation. compensation. compensation. chronic 

No delay in 
marketing 
but more feed 

Delay in 
marketing and 
more feed 

pulmonary 
insult, CNS 
lesions, eye 

consumed. consumed. lesions; etc. 

Generally 
removed from 
herd as being 
uneconomically 
rewarding. 

 ^  
Increasing severity of damage to tissue. 

-^ ►  

Note; On the question of compensation, an important assumption is made: that the sick animal has opportunity to consume an adequate diet during 
periods of sickness and recovery. This may not always he true such as in the case of exclusive pasture diet. Animals which become sick under such 
conditions may never compensate regardless of the severity of the illness. A special case is posed by FMD which can cause such severe, Jong-term 
lameness in some animals that they cannot successfully move about in search of pasture and water. This case becomes even more serious when 
animals are grazing under conditions of poor pasture and/or low moisture. 

In our studies at the University of Minnesota on 
the impact of foot-and-mouth disease (FMD) on 
production, we had to make estimates about the 
effect of FMD infection on growth performance. 
Quite obviously then, we were faced with the con- 
siderations mentioned above. Several authors have 
described weight losses in animals during the ill- 
ness. None of them addressed the question of the 
effect of FMD on performance during the entire 
growing period and the possible increase in effi- 
ciency of feed utilization after recovery that might 
occur. An interesting practical note is that many 
livestock producers in FMD endemic areas of the 
world will deliberately expose their cattle to FMD 
during seasons when grass is abundant because the 
cattle can rapidly recover the weight lost during the 
period of illness, whereas under poor feed condi- 
tions this weight loss is not easily recovered. 

This report was prepared to provide data and 
information on estimates of economic losses due to 
reduced growth performance caused by disease and 
restricted feed. 

REVIEW OF THE LITERATURE ON 
PERFORMANCE FOLLOWING 

GROWTH INTERRUPTION 

The literature on performance following growth 
interruption is confusing because so many variables 
may influence the results of field or experimental 
studies. Generally, there are two trial groups of 
animals: (1) one on restricted diet [or infected with 

some agent), and (2) one on a liberal diet (or not 
infected with an agent); and there are two periods: 
(1) the growth-interruption period where the one 
group is being fed a restricted diet or is infected 
with some agent, and (2) the growth-recovery period 
in which both groups are fed a liberal diet and 
disease problems are of no consequence. 

We should also keep in mind that proving the 
point of compensatory gain depends on the degree 
to which the experimental design provides for: 

(1) Uniform management of all animals. 
(2) Frequent weighings of all animals. 
(3) Frequent measurement of feed consumption. 
(4) Nutritional adequacy of the diet. 
(5) The similarity of animals' characteristics. 
(6) A long enough feeding period to allow the 

animal to demonstrate compensation. 

Component Questions 

The issue of economic growth recovery is com- 
plex and it is influenced by numerous variables. The 
principal related component questions are: 

A. If an animal is anorectic due to disease or is 
deprived of feed for a period of time, does it 
eventually recover to reach its expected size 
regardless of the amount of feed required? 

B. Does the duration of anorexia due to disease 
or feed deprivation influence the rate of re- 
covery of body weight regardless of the 
amount of feed consumed? 
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C. what is the longest duration of anorexia due 
to disease or feed deprivation which occurs at 
different ages that will permit the animals to 
achieve the same market weight as their herd- 
mates in the same time period with complete 
compensation such that the affected animals 
consume the same amount of feed as their 
unaffected herdmates? 

D. With complete compensation following an- 
orexia due to disease or feed deprivation, is 
there an effect on body composition of af- 
fected animals different than their unaffected 
herdmates? In other words, is there a differ- 

net energy-in 
ence in the net energy-out ratio? 

Do They Ever Reach Market Weight? 

Evidence in the literature about cattle which were 
experimentally deprived of feed [5,8,9,13,18,19];^ 
about  cattle  which were  infected  with  parasites 

2 Italic numbers in parenthesis refer to references cited at end of report. 

[1,4,7]] about pigs which were infected with atro- 
phie rhinitis and enzootic pneumonia [2,3,11,12,14, 
16]; and about cattle stressed by shipment, vaccina- 
tion, branding, castration, worming, and vitamin 
injections (6), shows that after a period of adequate 
nutrition, treatment, and/or removal of the sources 
of stress, the animals eventually reached, or would 
have reached, their expected size. 

The "Time To Market" Delay and the 
Compensatory Gain Questions: 
Experimentally Restricted Diets 

Various periods of inadequate nutritional and/or 
disease or stress conditions followed by periods of 
adequate nutrition and favorable husbandry have 
been described in the literature. The results of work 
on the effect of different periods with different de- 
grees of experimental diet restriction can give us 
one basis for estimating the possible marketing de- 
lay which could occur for animals which don't eat 
normally due to illness. Selected results from these 
experiments are shown in tables 8-1 and 8-2. 

TABLE 8-1.    Selected results of experiments on the effects of restricted diets on the subsequent performance of calves as 
compared to calves liberally fed: Average daily gain; weight and/or energy of feed intake compared 

to weight and/or energy of animal carcass. 

Measurement 

Restricted feec ling period 
Liberal feeding period— 

to market weight Total trial period 

Reference 
Restricted 

calves Control 
Restricted 

calves Control 
Restricted 

calves Control 

5 Clanton 
et al. 

ADG Ibs./day 
lbs. feed/lb. gain 
cost feed/lb. gain 

(-)0.19 
N.A. 
N.A. 

2.00 
N.D. 
N.D. 

3.68 
10.50 
$13.51 

3.12 
9.05 
$14.60 

N.D. 
N.D. 
N.D. 

N.D. 
N.D. 
N.D. 

8 Folman 
et al. 

MCal energy in 
feed/lb. gain 

N.D. N.D. N.D. N.D. 2.36 2.59 

9 Fox 
étal. 

ADG Ib./day 
Dry matter feed lbs. 

0.64 
12.1 

2.22 1 
6.8 1 

3.43 
5.2 

2.22 1 
6.9 

1.65 
7.3 

2.22 1 
6.81 

lb. gain 
MCai energy in feed 3.8 1 N.D. 3.8 1 4.1 3.8 1 

MCal gain in weight 

18 Winchester 
étal. 

ADG Ib./day 
TDN Ib./lb. gain 

0.49-0.58 
7.6-8.0 

1.52-2.26 
4.1-5.4 

2.28-2.73 
4.2-5.7 

1.92-2.41 
6.0-7.0 

1.51-1.55 
5.1-5.9 

1.73-2.30 
4.7-6.4 

19 Winchester 
étal. 

ADG Ib./day 
TDN Ib./lb. gain 

(-)0.22 
N.A. 

0.77 
4.4 

1.48 
5.6 

1.47 
6.0 

1.20 
6.0 

1.33 
5.8 

19 Winchester 
étal. 

ADG Ib./day 
TDN Ib./lb. gain 

(-)0.14 
N.A. 

0.98 
4.3 

2.01 
5.2 

1.87 
6.0 

1.56 
5.7 

1.67 
5.5 

19 Winchester 
étal. 

ADG Ib./day 
TDN Ib./lb. gain 

(-)0.03 
N.A, 

0.72 
5.1 

1.61 
6.2 

1.60 
6.2 

1.38 
6.1 

1.46 
6.4 

T^.A. means "not applicable" because the calves lost weight, hence there is no such measurement as pounds feed or TDN per pound gain. N.D. means 
"not determined" in the experiment. 

1 Values for ADG, dry matter feed/pound gain and MCal feed/MCal weight gain are the same because the values for control calves were not re- 
ported for the first 190 days of feeding.  They were fed up to 999 pounds, which took 206 days. 
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TABLE 8-2.    Selected results of experiments on the effects of restricted diets on the subsequent performance of calves 
compared to calves liberally fed: Average daily gain; time delay; carcass quality. 

Number of calves 
and average 

weight at start     Type of diet during 
of trial (lbs) restricted period 

ADGorloss (—) 
during restricted 
period (lbs/day) 

Refer-   Restricted Restricted 
Period of 
restricted Restricted 

ence       calves    Controls    calves    Controls   diet (Days)   calves    Controls 

Dif. in time 
to same 

market wt. 
ADC during      (c. 1100 lb): Carcass 

liberal feeding    Restricted quality of 
periods (lbs/day) calves com- restricted 

pared to calves com- 
Restricted                    controls pared to 

calves    Controls      (Days) controls 

5 Clanton    528 (?)      528 (?)    Native       Silage Winter        —0.19       2.00 
et al. pasture (150 

days?) 

8 Folman     373 (7)     416 (7)    Mainte-     Ad libe-       90 
et al. nance        tum con- 

centrate 

0.77 2.75 

9 Fox 
etal. 

524 [12] 546 [11] 65% corn 
cob, 15% 
shelled 
corn 

10% corn 
cob, 
75.5% 
shelled 
corn 

190 0.64 2.02 4 

18 Win- 
chester 
etal. 

280 to 
354 (4) 

270 to 
360 (4) 

45 to 
62% of 
liberal 

100% of 
liberal 

183 0.49 to 
0.58 

1.52 to 
2.26 

19 Win- 
chester 
etal. 

170 (1) 174 (1) 35% of 
liberal 

73% of 
liberal 

91 (-)0.22 0.77 

19 Win- 
chester 
etal. 

224 (1) 212 (1) 36% of 
liberal 

76% of 
liberal 

126 (-)0.14 0.98 

19 Win- 
chester 
etal. 

211 (1) 205 (1) 42% of 
liberal 

72% of 
liberal 

92 (-)0.03 0.72 

3.68 

2.90 1 
2.24 2 

3.43 

3.12 

2.351 
1.98 2 

43 

20 

2.02 4        97 

No sig. dif. in 
grade or yield 

Ad libetum fed 
calves slightly 
higher dress- 
ing percent 

N.D. 

2.28 to     1.92 to     70 to 138    Carcass grades 
2.73 2.41 were the same 

1.48 1.47 86 3 No difference 

2.01 1.87 42 

1.61 1.60 83 

No difference 

No difference 

1 From 270 to 360 days of age. 2 From 360 days of age to slaughter. ^ The control calf weighed 797 lbs and the restricted calf weighed 833 at slaughter. 
* Values for ADG are the same because the values for control calves were not reported for the first 190 days. They were fed to 999 lbs, which took 
206 days. 

In one study, beef calves which were kept on a 
winter ration of only native grass lost 0.19 pound 
per day v^hile control calves fed silage in a drylot 
gained 2~pounds per day. The deprived calves took 
43 days longer to reach market weight after being 
fed the same corn and corn silage ration as fed the 
drylot calves (5). 

In another study, 373-pound Holstein calves 
which were restricted to a maintenance diet for 90 
days and gained 0.77 pound per day took 20 days 
longer to reach market weight than did calves fed 
ad libitum and which gained 2.75 pounds per day 
in the same 90-day period (8). 

A restricted corn-based diet was fed individually 
to fe24-pound beef steers for 190 days during which 
time they gained 0.64 pound per day. These steers 

were then fed a fattening ration and took a total of 
97 days longer to reach market weight than did 
steers which gained 2.02 pounds per day on a fat- 
tening ration during the entire experiment (9). 

In a paired, identical-twin experiment, calves 
weighing from 270 to 360 pounds at the beginning of 
the experiment were individually fed a diet which 
was restricted to 45 percent up to 62 percent of the 
liberal ration fed to their control co-twins. The 
restricted calves gained from 0.49 to 0.58 pound per 
day and took from 70 to 138 days longer to gain the 
same amount of weight as their control co-twins 
gained [18], 

In another experiment using three pairs of identi- 
cal twins, the deprived calves were fed a ration that 
actually resulted in weight loss [17). The data on 
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these calves and their co-twins is shown in tables 
8-1 and 8-2. 

In general, all these experiments show that calves 
receiving restricted diets followed by full-feed diets 
reached market weight in a period of time on full 
feed which was less than the period of restricted 
diet. This indicates that restricted animals gained 
weight more efficiently during the full-feed period 
than did unrestricted animals of the same weight 
[5,8,9,18,19]. 

Also note that the periods of restricted diets are 
relatively long (90-120 days]. "Off feed" periods of 
this length due to sickness are not encountered ex- 
cept in the cases of chronic disease or when there 
is permanent damage such as in the case of exten- 
sive damage to lung tissue. Usually, such animals 
are removed from the herd after a period of some 
10 to 20 days of poor performance as being eco- 
nomically unrewarding. 

However, when the total trial period (restricted 
and unrestricted) was considered in two experi- 
ments, the feed efficiency of restricted calves was 
less than unrestricted controls [9,19] and greater in 
one experiment (8). The difference probably reflects 
the duration of the restriction period and the sever- 
ity of restriction. (In one experiment, calves lost 
weight during the restriction period.) It seems logi- 
cal that even if calves showed compensatory feed 
efficiency during the liberal-feeding period following 
the restriction period, if the restriction period was 
long, such as 190 days, or severe, such as losing 0.22 
pound per day for 91 days, that the total perform- 
ance of such calves would be that they consumed 
more feed per pound of gain than their unrestricted 
herdmates. The contrast would be the experiment 
in which calves were restricted to 0.77-pound gain 
per day for only 90 days and when the total per- 
formance is reviewed, we see that they were more 
efficient overall (8). 

Likewise, these experimental results do not allow 
precise conclusions on the energy-in/energy-out 
question. However, since the distribution and 
amounts of muscle, fat, and bone were about the 
same for restricted and nonrestricted calves [18,19], 
we can conclude that the carcass energy produced 
by the feed energy would follow a pattern similar 
to the feed efficiency comparisons. 

The "Time To Market" Delay and the 
Compensatory Gain Questions: The 

Effects of Disease 

Information on this topic is much less specific 
than on the previous topic of the effects of re- 
stricted diets because the effect of disease cannot 
be as reliably quantified as can a restricted diet. 

There is no such thing as a "standard sick animal" 
and generally too many variables are uncontrolled. 
For example, feed consumed by sick animals is 
sometimes not measured, body weights are meas- 
ured infrequently, and the sick animals are usually 
not kept until they reach usual market weights. 

The findings of several reports provide evidence 
which, in addition to the previously described 
studies on animals fed restricted diets, help us to 
put dimensions on the disease impact on growth 
performance. 

Parasitism in Cattle 
Whether or not nematode infection, which does 

not cause obvious clinical parasitism, causes pro- 
duction loss has been investigated by several people. 

In one experiment, 13 Angus steers of an average 
weight of 452 pounds were each artificially infected 
with 3,000 infective Ostertagia spp. and Cooperia 
spp. larvae by intraruminal injection and their per- 
formance was compared to 13 Angus steers which 
were not exposed to larvae and had an average 
weight of 478 pounds. All the steers came from the 
same ranch, had the same sire, and were judged to 
be nematode-free on two negative fecal egg counts 
prior to the nematode larvae exposure trial. A 189- 
day drylot feeding trial was started 27 days after 
exposure in which animals were individually fed a 
liberal ration of chopped hay, corn silage, and 
flaked corn fattening ration. Animal weighings at 
2- and 4-week intervals showed that the unexposed 
steers outgained the exposed steers for the first 70 
days of the drylot feeding and then all steers gained 
at about the same rate for the next month. For the 
last 3 months of the drylot feeding, the exposed 
steers showed greater feed efficiency (compensatory 
gain) and gained more rapidly than the unexposed 
steers. All steers were marketed at the same time 
with the exposed steers having gained an average 
of 477 pounds (to market weight of 909 pounds) and 
the unexposed steers having gained an average of 
542 pounds (to market weight of 973 pounds) for 
the total of 216-day period (27 day pre-feedlot 
period plus 189 days in feedlot). The difference in 
total gain between exposed and unexposed steers 
therefore was 64 pounds. If we assume that the 
average daily gain of 2.86 pounds per day which 
the exposed steers were showing at the end of the 
experiment persisted, the approximate delay for the 
exposed steers to achieve the same total weight as 
the unexposed steers was 22 days. No significant 
difference in overall average daily gain was shown 
between the exposed and unexposed steers. These 
workers did the same experiment again, except that 
animals were fed as a group rather than individu- 
ally, and reported essentially the same results (1). 
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In another experiment, beef steers which were 
fed on pasture were divided into groups of control 
animals and animals which were artificially infected 
with nematodes. The experiments were repeated for 
three consecutive grazing seasons. The total average 
count of all nematodes at necropsy was 31,565 for 
control calves and 57,811 for artificially infected 
calves. Differences in total gain, average daily gain, 
and carcass grade between the control and artifi- 
cially infected animals were not significant. No 
conclusions could be drawn about feed efficiency 
differences between these two groups. The authors 
point out that the stocking rates were more con- 
servative than is commercially typical and that un- 
der conditions of lower levels of nutrition, signifi- 
cant effects of artificial nematode infection may be 
demonstrated (4). This point of the relationship of 
nutrition to parasite infection impact was also 
expressed by another worker who pointed out that 
parasites had little or no effect on gains except 
under conditions of deteriorating pasture condi- 
tions [15], 

Bovine coccidia was the infective agent in an 
experiment in which two groups of calves were 
orally infected at 6 weeks of age with 500 and 
50,000 sporulated oocysts of Eimeria bo vis (7). 
Another group served as controls. All calves were 
individually fed for 5 months. For the next 5 months, 
they were allowed to graze and consume a con- 
centrated ration from a self-feeder in groups. The 
most important outcome of the experiment in terms 
of animal performance was that severely infected 
calves did not quickly gain back what was lost 
during the clinical phase of the coccidiosis. These 
authors conclude that the severely infected calves 
would have taken 3 to 4 weeks after the total 
10-month experimental period to overcome the 
48.4-pound difference and reach the same weight as 
the control calves. The feed consumption of the 
severely infected groups of calves was greatly less 
than the uninfected group for most of the first 
10 weeks of the experiment after the oocyst inocu- 
lation. This difference disappeared in the last 9 
weeks of the period of individual feeding. The total 
feed consumption was not calculated so conclusions 
about compensatory gain cannot be made. The 
mildly infected calves performed about the same as 
uninfected controls. The experiment was repeated 
in other calves for an 11-month period and the 
severely infected calves weighed 31.8 pounds less 
than uninfected controls at the end of that ex- 
periment. 

Specific data on the effects of viral and bacterial 
infection in cattle on subsequent full-term growth 
performance as compared to uninfected cattle is not 

available. There is one report of neonatal diarrhea 
in beef calves in which no difference was found in 
growth performance in such calves as compared to 
calves which did not suffer diarrhea in their calf- 
hood. These calves were raised under Wyoming 
range conditions [17). In the general experience of 
cattle producers, animals which recover from viral 
and bacterial infections in a short period of time 
(5-10 days) without chronic insult go on to perform 
in all ways as well as their herdmates. 

Stress in Cattle 
Another insult to growth in cattle is stress from 

weaning, shipping, vaccination, and handling. By 
general experience, we know that such stressed 
calves suffer at least short-term growth setback 
and that, in many cases, become severely sick with 
respiratory infections. One experiment in which 
comparisons were made of groups of feeder calves 
which were *'processed" prior to the shipment, upon 
arrival, and 2 weeks post-arrival. Processing meant 
vaccination, castration, topical administration of an 
organo-phosphate, oral administration of an anthel- 
minthic, and branding. All the calves were fed a 
72-percent concentrate ration for the first 40 days 
after arrival and then a 55-percent concentrate 
ration for the remaining 42 days. Although the 
calves processed prior to the shipment gained more 
in the first 40 days of the feedlot experience than 
the calves processed on arrival and also more than 
those processed 2 weeks after arrival, the calves 
in the last two groups had gained as much as the 
calves processed prior to shipment by the end of 
the trial. No difference in feed consumption was 
shown (6). 

Atrophie Rhinitis in Pigs 
There are two conflicting reports about the effect 

of atrophie rhinitis on pigs' performance. The effects 
on weight gain of atrophie rhinitis which occurred 
at a herd incidence of 45.9 percent over 3 years had 
been reported. These workers showed that weight 
gain in pigs from infected sows as compared to pigs 
from uninfected sows was 0.6 pound less per pig 
to 56 days of age. However, this lower weight gain 
was not significant. At 56 days of age, the pigs were 
divided into atrophie rhinitis-affected and unaf- 
fected groups. The average weight of unaffected 
pigs at 56 and 140 days exceeded the affected pigs 
by 3.9 and 6.4 percent respectively. Daily gain to 
140 days of age was 5.2 percent greater in unaffected 
pigs [16]. 

In contrast to this report, another report showed 
no significant difference in time to reach 200 pounds 
between pigs which had any degree of nasal abnor- 
mality and pigs which had no observable nasal ab- 
normality. The pigs were from three specific patho- 
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gen-free herds which had an average atrophie 
rhinitis incidence (total pigs infected/total pigs] of 
35 percent over a 2-year observation period [14], 
The authors of these reports on atrophie rhinitis 
did not report feed consumption. 

Enzootie Pneumonia in Pigs 
Several reports are available about the effects 

of pneumonia in pigs. In one report, pigs were 
artificially infected with the enzootie pneumonia 
agent[s) by intratracheal injection of suspension of 
infected lung tissue. Their performance was com- 
pared to uninoculated controls. The pigs were 
managed as groups under a variety of conditions 
and several experimental trials were conducted at 
two locations during a 5-year period. The principal 
differences between infected pigs and uninoculated 
controls was that infected pigs took 13 to 39 days 
longer than controls to reach 200 pounds and re- 
quired 10.6 to 30.1 percent more feed per pound of 
gain than did controls. The pigs were fed identical 
rations. 

Examination of the lungs of the uninoculated 
controls did not show macroscopic lesions while 
the lungs of 48 of 61 infected pigs had macroscopic 
lesions varying from fibrotic areas to areas of active 
pneumonia. These workers could not demonstrate 
correlation between the presence or extent of lesions 
of pneumonia at slaughter and the growth rate of 
individual pigs. They pointed out that lesions present 
at slaughter do not a priori indicate the severity of 
the disease in previous months (2). 

Other workers describe the performance of pigs 
which were raised under conditions of a ''closed 
herd" environment for a period of 2 years prior to 
an outbreak of pneumonia, as compared to pigs 
raised in the same environment for 2 years during 
which time pneumonia was enzootie after an initial 
outbreak. The growth period measured was from 44 
to 198 pounds body weight. Prior to the outbreak, 
no lesions were reported in the lungs of slaughtered 
pigs while after the outbreak some 47 percent of the 
examined lungs had lesions of pneumonia. The 
ratio of weights of feed fed to animal gain was 
lower in pigs prior to the outbreak than in those 
after the outbreak. About 5 percent of the pigs after 
the outbreak required antibiotic therapy compared 
to none before the outbreak. Such therapy was 
judged to be effective in reducing the losses from 
pneumonia (3). 

In general, these reports show that enzootie pneu- 
monia reduces the performance of pigs and is a 
costly disease. We should keep in mind that pneu- 
monia, particularly in severe cases, frequently leaves 
some permanent lung tissue damage. 

In another report, the performance of 116 60- 
pound pigs obtained from eight herds in Minnesota 
and Iowa was examined in relation to prevalence 
of macroscopic swine enzootie pneumonia lesions 
at slaughter, as well as other factors such as feed 
type, herd of origin, sex, and the administration of 
antibiotics in the feed. By comparing daily weight 
gains for the 92 pigs which reached marketable 
weight (173 to 212 pounds) during the 125-day 
experiment, this worker showed a 7-pereent differ- 
ence in daily weight gain for pigs with mild to very 
severe lesions, as compared to pigs with no lesions. 
Also, he showed a 14-percent difference in daily 
weight gain for pigs with moderate to very severe 
lesions as compared to pigs with no or only mild 
lesions. Some pigs (4 percent) did not reach market 
weight during the experiment and were excluded 
from weight-gain comparison. The author estimates 
that these pigs would have taken 2 to 3 extra months 
to reach market weight. A few pigs (2.5 percent) 
died as a result of pneumonia. 

This author concluded from his results that the 
effect of lesions of swine enzootie pneumonia on 
daily weight gain was significant and the pig pro- 
ducers could do most in eliminating the disease or 
reducing its effect by careful selection of the herds 
of origin. The feeding of antibiotics did not affect 
the performance or incidence and extent of lesions. 
Because of experimental conditions, the author was 
unable to make conclusions about the relationship 
of the disease of feed conversion [11], 

By extrapolation of the data, it would appear that 
pigs with lesions would have taken longer to reach 
the same market weight as pigs with no lesions. 
This extrapolation shows an average delay of 9 days 
for pigs with lesions to reach 212 pounds at the 
average daily gain of 1.30 pounds per day through- 
out the experiment (table 8-3). 

Another investigation was aimed at measuring 
the effect of pneumonia in pigs on the major 
indications of economic impact, that is, differences 
in time to market and feed-conversion ratios. For 
analysis of data, the pigs were divided into groups 
on the basis of percent of lung tissue which was 
consolidated at slaughter—0, 0.5, 5-10, and 10 and 
above percent, respectively. An unusual finding in 
this study was that pigs treated with antibiotics for 
clinical signs of pneumonia had significantly lower 
performance than pigs which were not treated for 
pneumonia, but which showed evidence of experi- 
ence with the disease based on lung tissue con- 
solidation at slaughter to the same extent as the 
treated pigs. The treated pigs had lower feed- 
conversion ratios (1 to 5 percent less) and required 
longer time to grow from 60 to 200 pounds (from 
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TABLE 8-3.    Difference in time for pigs with varying 
degrees of enzootic pneumonia lesions to reach 212 pounds 

compared to pigs with no lesions. 

Estimated 
Average daily additional time 

Weight gain through- to reach 212 
marketed out experi- pounds at daily 

Pneumonia Number (average ment (average gain for their 
lesion of pounds for pounds per day group (daysÄt 
scores pigs group) for group) pounds/day) ^ 

0 46 212.3 1.54 0 

1 17 204.8 1.39 5 at 1.39 

2 8 202.7 1.36 7 at 1.36 

3 10 207.9 1.32 3 at 1.32 

4 6 179.1 1.17 28 at 1.17 

5 2 180.4 1.01 32 at 1.01 

6 3 173.4 1.06 37 at 1.06 

Averages for 
46 pigs with 
lesions: 200.2 1.30 9 at 1.30 

1 This information was calculated by extrapolating the results obtained by 
Huhn as reported in his article "Swine Enzootic Pneumonia; Incidence 
and E^ect on Rate of Body Weight Gains" in American Journal of Veter- 
inary Research, Volume 31, Number 6, June, 1960. In this experiment, the 
pigs weighed an average of 60 pounds each and were fed for 125 days and 
marketed at that time. 

6.3 to 9.8 days longer) than untreated pigs with the 
same extent of lung tissue consolidation. Unfor- 
tunately, no pigs considered to require treatment 
were allowed to go untreated and observed for 
performance. In the untreated pigs, no significant 
difference could be shown in the length of time 
to reach 200 pounds or in feed-conversion ratios 
between those pigs with no consolidation and pigs 
with about 9 percent of the lung tissue consolidated. 
These authors conclude that their experiment did 
not meet the objectives of providing a reliable 
assessment of the effect of the amount of pneu- 
monia on important production parameters of swine 
herds. Their concluding remarks are interesting and 
point out the complexity of doing research in this 
area of the impact of disease on the economics of 
growth performance. 

1. "Correlation of diseased tissue with perform- 
ance parameters may be statistically signifi- 
cant, however, this does not necessarily imply 
economic significance. 

2. Conditions of husbandry influence the inci- 
dence of pneumonia and pneumonia may have 
an effect on production parameters. The cor- 
rection of faults in husbandry may thus be 
of more benefit than measures specifically 
aimed at control of pneumonia. 

3. Any calculated effect of pneumonia on per- 
formance parameters applies only to the par- 
ticular conditions of study; transposition of 
these results to other conditions (farms) is 
inappropriate. "(12) 

COMPUTER MODEL ESTIMATION OF 
GROWTH PERFORMANCE FOLLOWING 

RESTRICTED DIETS 

Another effort to quantify the effect of growth 
interruption on overall performance can be made 
through simulation models. Workers at Michigan 
State University have recently developed a pre- 
dictive system (Telplan 56) to improve on the 
accuracy of the California Net Energy System 
which is the most widely used predictive energy 
system for ration formulation and gain projection 
for U.S. feedlot cattle. The Telplan 56 program 
expands the California Net Energy System to allow 
for variation in cattle frame size, special breed and 
sex effects, use of growth and digestive stimulants, 
feedlot environment, previous nutrition, age, and 
associative effects of feeds. The modified system 
permits the cattle feeder to make adjustments for 
his specialized situation [10], 

This system was used to simulate the growth 
performance of steers of the same frame size which 
started the feeding period with different body 
conditions. The equations used in this simulation 
were derived from experiments at Michigan State 
University in which calves were deprived of feed 
until they reached specified weights. Their subse- 
quent performance in the feedlot was compared to 
the performance of calves which were not deprived. 
The different body conditions were specified as 
different empty body weights and as such are really 
tissue losses. Although in acute disease the principal 
sources of weight loss would be digestive system 
contents and body water, these tissue-weight com- 
parisons from the simulations are useful in our 
consideration of the impact of disease on growth 
performance because in longer term disease condi- 
tions and dietary restriction, the weight differences 
between affected/restricted and unaffected/unre- 
stricted animals are mostly due to differences in 
tissue weight. 

Starting with a 450-pound, average-framed calf as 
being the "standard," the simulations were done for 
body conditions which varied down to a 350-pound 
calf of the same frame size as the "standard." 
Table 8-4 shows the simulation results of these 
calves' performances in the subsequent feeding 
period. The amounts of feed consumed to reach 
1,050 pounds are about the same for all conditions, 
but the point of increased feed efficiency (compen- 
sation) by calves in poorer condition is shown by 
the comparison of 594 pounds of feed per each 
100-pound gain for the 350-pound condition calf as 
compared to the 694 pounds feed per 100 pounds of 
gain for the 450-pound or "standard" calf. The 
simulation shows a linear increase in time to reach 
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TABLE 8-4.    Simulation results of feed consumed, feed 
efficiency, and time to reach market weight for calves of the 

same frame size with different body conditions, i 

Body 
condition 

Feed consumed 
to 1,050 

pound body wt. 

Feed efficiency 
(pounds feed/100 
pounds gained) 

Time to reach 
1,050 pounds 

(days) 

450 2 4164 694 246 

425 4168 667 250 

400 4160 640 253 

375 4158 616 257 

350 4158 594 261 

1 These results were obtained by simulation using the Telplan 56 model 
developed by D. G. Fox and J. R. Black of Michigan State University. The 
ration was a Montana standard backgrounding ration  designed to yield 
1.25 to 1.50 pounds/day gain in steer calves. 

* This 450-pound calf is the average-framed "standard" calf. 

1,050 pounds with a decrease in body condition. 
Since these conditions are tissue mass differences 
and not water and digestive content differences, this 
time delay relationship seems reasonable. 

FOOT-AND-MOUTH DISEASE: AN APPROACH 
TO ESTIMATING THE PRODUCTION EFFECT 

OF GROWTH INTERRUPTION 

In our work of estimating the impact of FMD on 
growth, we based our assumptions on an arbitrary 
division of growing cattle into two equal groups. 
In the first one, we estimated that growth interrup- 
tion due to FMD infection was fully compensated 
with no resulting production losses. For the second 
group, we estimated that the interruption resulted 
in a 2-month (1 month for pigs) delay in reaching 
market weight and 1 month (2 weeks for pigs) of 
extra feed consumption because of insufficient 
compensation. A special problem with FMD infec- 
tion is the decreased ability to apprehend and chew 
food because of mouth lesions, and to graze ade- 
quate pasture because of feet lesions. Many of 
these animals become so nonproductive that they 
are culled and probably are total losses. To account 
for this, we estimated additional permanent dis- 
ability losses of 7 percent for cows, 5 percent for 
calves, 2 percent for ewes, and 2 percent for older 
pigs. These production losses were used in addition 
to losses due to death, abortion, and infection of 
teats and udders for the analysis of the potential 
economic impact of FMD in the United States. 

DISCUSSION AND CONCLUSIONS 

Although this review was principally aimed at 
providing estimates of losses of growth due to 
disease, it necessarily was expanded to  consider 

the effects of dietary restriction. Keeping in mind 
that it is assumed that there is no (or only inconse- 
quential) permanent tissue damage, the evidence 
allows some qualitative conclusions or ^'partial 
answers" to the questions posed: 

1. Animals whose growth has been interrupted 
will eventually reach their expected size if fed 
an adequate diet. 

2. Animals whose growth has been interrupted do 
demonstrate compensatory gain upon receiving 
an adequate diet and it is possible that this 
compensation may negate adverse economic 
effects of delay in marketing or of increased 
total feed consumption. The circumstances of 
length and age at the time of onset of the 
interruption not resulting in adverse economic 
effect can only be broadly specified. 

3. Interruption of growth followed by an ade- 
quate diet and return to expected size has no 
significant effect on body composition. The 
energy equivalent of the tissues of an animal 
at market weight whose growth has been in- 
terrupted is essentially the same as an animal 
whose growing period was normal. 

If we recognize the danger of generalizing from 
such a wide variety of observations, the data allows 
us to make some statements about the effect of 
disease and feed restriction on growth performance. 

In the experiments on the effects of restricted 
diets, the restricted calves always reached market 
weight in a shorter length of time than the length 
of the restriction period even in instances when the 
calves actually lost weight due to dietary restriction. 
The shortest delay in reaching market weight was 
29 days, but this was for calves which had been fed 
only a maintenance ration for 90 days (8). Generally, 
the restricted calves were some 15-25 percent more 
efficient during the liberal feeding period than the 
unrestricted "control" calves (see tables 8-1 and 
8-2). However, the efficiency comparisons for the 
entire growing period depended on the length and 
severity of the restriction. Therefore, in several 
cases, the unrestricted control calves were more 
efficient overall. 

The experiments which were reviewed about the 
effects of disease on animals' growth performance 
provide less specific information. In the case of the 
effects of parasitism (nematodes and protozoa), the 
results show that affected animals can be delayed 
some 3 to 4 weeks in reaching market weight. How- 
ever, this conclusion was not supported by another 
experiment which showed no difference in the per- 
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formance of control and artificially infected animals. 
This finding was qualified by the fact that the levels 
of nutrition (stocking rate) were more conservative 
than normal [4). In the case of atrophie rhinitis in 
pigs, the disease effects on performance were in- 
significant in one report [14] and resulted in lower 
rates of gain (about 5 percent less] in another 
report [16], The results of observations of pigs 
affected with varying degrees of enzootic pneu- 
monia showed that infected pigs were less efficient 
(1 to 20 percent less) and took longer times (6 to 
39 days longer) to reach market weight. In contrast 
to this are observations showing no significant cor- 
relation of the degree of lung consolidation with 
performance [12], 

Supportive information from the field is provided 
by livestock producers. In general, they are keen 
observers of animal performance. This keenness is 
particularly pronounced when the return to their 
resources may be at risk as occurs under conditions 
of disease or diet-related changes in growth per- 
formance, as well as in other economic performance 
characteristics such as the production of milk, eggs, 
wool, and offspring. Their observations and manage- 
ment behavior are important to consider. Some of 
the more pertinent are: 

1. They know that short-term diet restrictions 
(like "straw and cake'* for a month or so in 
the winter) do not greatly affect overall growth 
performance of calves if this restriction is fol- 
lowed by grazing of good spring and summer 
pasture. 

2. In order to reduce the risk of growth produc- 
tion losses, they will stress animals with 
immunization practices at times when the ani- 
mals have access to good feed and care—such 
as immunization against FMD by exposure to 
infected animals when cattle have abundant 
pasture, and vaccination of calves against 
brucellosis while they are still nursing. 

3. They are more likely to worm animals at 
times when the risk of production losses from 
nematode infection is the greatest, i.e., when 
feed is less abundant and the animals are 
younger. 

4. They are willing to treat animals which are 
acutely ill because their experience is that 
upon full recovery such animals go on to 
perform normally. 

5. They will generally cull animals which do not 
fully recover from acute disease in some 10 to 
20 days because their experience is that such 
animals frequently are "poor doers" and do 
not justify the expense of more care or feeding. 

Certainly growth interruption has the potential 
of causing financial loss. However, we can see that 
precise statements about "how much interruption at 
what age will have what effect" are difficult to make. 
The data is not available, and given the number 
of variables involved in studying the questions, this 
lack of data can be appreciated. Future research by 
workers in veterinary medicine and animal science 
should be directed to refining our knowledge on 
production losses due to disease. This information is 
needed to enable us to be more precise in deter- 
mining the most rewarding allocation of resources 
for animal disease control. 
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ANIMAL MOVEMENT AND DISEASE SPREAD: PILOT STUDY 

William M. Miller, Nasser A. Aulaqi, and Christopher J. Willard^ 

INTRODUCTION 

The scale and complexity of food-animal move- 
ments in the United States present a unique prob- 
lem in disease control. The high level of activity 
reflects the considerable distances between pro- 
ducer and consumer, the degree of specialization of 
production, and the high levels of demand for 
animal products. 

Sale of feeders, culls, or slaughter animals are 
usual causes of translocation and disease spread, 
whereas localized, seasonal, pasture-seeking move- 
ments are of less importance. In recent years, it has 
been more common to establish processing plants 
nearer to the sources of animal production with the 
advantages of reduced shrinkage, mortality, and 
overall transportation cost. In addition, direct sales 
from farm to packing plant are taking an even larger 
share of the market. Both of these trends should 
tend to decrease the total distance traveled by live 
animals, nationally. Transport costs no doubt have 
a strong influence on these changes. For example, 
the cost of transporting one hundredweight of live, 
carcass, and boxed beef 100 miles is $7.51, $3.10, 
and $2.36, respectively (see table 9-1]. 

TABLE 9-1.    Transportation costs for Jive, dressed, and 
boxed beef (1976)   

Live 
Dressed 

Boxed 

Full 
load 
(lbs) 

4,300 
3,500 
3,800 
3.500 
3,800 

Rate 
($/Cwt.) 

3.711 
3.58 
3.41 
3.35 
3.24 

Red Meat 

(%] 

36 
80 
80 

100 
100 

Meat transport 
cost 

((i/Cwt. Red 
Meat/100 mi.) 

7.51 
3.23 
3.10 
2.44 
2.36 

iThe rate for live animals is not regulated and therefore may vary.   Also, 
it does not include adjustment for loading and unloading fees, shrinkage, 
bruising, mortality, and documentation. 
Source: Quoted by a major packer in September 1976. 

1 Epidemiologist, Central Veterinary Laboratory, Weybridge, England; Re- 
search Associate, Agriculture and Applied Economics, University of 
Minnesota, St. Paul, Minn. 55108; and Research Assistant, Health Com- 
puter Sciences, University of Minnesota, St Paul, Minn. 55108, respectively. 
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to thank Dr. J. G. Flint, Minnesota Livestock Sanitary Board, Dr. B. Ward, 
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However, movement of live animals is likely to 
remain a potent means of disease spread at the 
international, interstate, and intrastate levels. The 
subject of this paper is a new approach to improve 
disease control strategy based on movements data. 
It is not intended as a substitute for the "shoe 
leather" epidemiology so vital to a successful 
campaign. 

BACKGROUND 
Figure 9-1 shows a simplified diagram of the main 

production pathways. Among slaughter stock (with 
the exception of calves), direct sales from farms are 
the most common—72.2 percent in 1972 up from 
61.8 percent in 1970. [6]^ In the Midwest, about 
half of feeder cattle are purchased direct by feed- 
lots, whereas in the West, only a quarter are from 
that source. [7] Any attempt to describe th,e market- 
ing system in global terms necessitates simplifica- 
tion. In reality, the situation is confused by frequent 
remarketing, regrouping of lots (for evenness), un- 
licensed dealers, and illegal movements. It is not the 
purpose of this report, however, to concentrate upon 
particular events, but to examine an approach to 
movements on the macro scale. Only the spread of 
infectious diseases will be considered, but it is 
worth noting that a number of disease conditions, 
for example, shipping fever (bovine respiratory dis- 
ease complex), are specifically associated with the 
stress of traveling, and probably indicate a generally 
increased susceptibility to disease during the tran- 
sit, which further facilitates the spread of infectious 
disease. 

In epidemic diseases, marketing movement of 
livestock (and livestock products) has particular im- 
portance. This is very well shown by the contrasts 
between the epidemiology of the 1914 FMD out- 
break originating in Michigan and the 1924 outbreak 
in California (fig. 9-2). This contrast is attributable 
largely to the fact that the 1925 outbreak started in 
an area from which few livestock are moved inter- 
state, while the 1914 outbreak was first reported in 

2 Italic numbers in parenthesis  indicate references  cited in the bibliog- 
raphy of this report. 
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Figure 9-2. {Top} Distribution of FMD infection in 1914 outbreak (Mohler, 1924). {Bottom} 1924 and 1925 outbreaks 
(Mohler, 1926). 
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the Midwest and got into the marketing chain re- 
sulting in rapid spread across the country. As we 
can see from this example, when considering FMD 
(a disease in which vast quantities of agent are ex- 
creted before clinical signs appear) the consequences 
of even a few days' delay in diagnosis could be dis- 
astrous because groups of infectious animals could 
have moved right across the country. 

Unfortunately, there is little accessible data which 
describes the direction or extent of livestock move- 
ments on a national scale. A few general works 
[3] and also some regional studies [2,5] exist, but 
these are now almost obsolete and are not presented 
in a way which would be useful to an epidemic con- 
troller during an emergency. Local knowledge can 
be invaluable in the outbreak situation but may be 
seriously biased by the observer's personal experi- 
ence (or lack of it) regarding a particular aspect of 
the marketing movements system. Such segments 
may not form a reliable basis for a national or even 
regional decision. 

If such data were available in an appropriate 
form, in the event of an epidemic it would be 
possible: 

1. to predict expected geographical spread. 
e.g. Given that an SVD (Swine Vesicular Dis- 

ease) outbreak has occurred among hogs 
in southern Minnesota, and that 20 ex- 
posed lots of slaughter hogs have been 
shipped to market during the last week, 
it would be possible to estimate the prob- 
ability of those hogs reaching any of the 
other States, through which markets and 
States they would probably have moved, 
and where they are likely to have been 
slaughtered. 

2. to assist in the deployment of staff into high- 
risk areas. 
e.g. The data might reveal that most Min- 

nesota slaughter hogs were shipped direct 
to the New England States via Chicago. 
Personnel could be drafted immediately, 
thus giving the task force a better chance 
to get "ahead of the epidemic." 

3. to optimize allocation of disease control re- 
sources. 
e.g. It has been decided to inspect all hogs 

originating in Minnesota and Iowa. How 
many inspections would be required? 
What proportion of hogs go direct to 
slaughter, and where? What impact would 
market closure have on disease spread? 
Such questions could be answered imme- 
diately, given an appropriate movements 
data base. 

4. to examine a "common source" hypothesis, 
e.g. SVD has appeared in southern Minnesota, 

Kansas, and Washington. What source (or 
sources) of hogs do they share? It could 
be they all receive feeders from Iowa and 
even in the absence of a known move- 
ments tracing, it might be useful to con- 
sider a serological survey in Iowa. 

5. to simulate epidemics 
a. for "test" exercises, 
b. for planning purposes, 
c. for the development of improved dis- 

ease control strategies. 
6. to control endemic diseases. 

e.g. (Brucellosis), and it would be invaluable 
in epidemiological and economic studies 
of such conditions. 

AIMS 

The aim of this study was to develop a systematic 
approach to the measurement of livestock market- 
ing movements based on existing data and probabil- 
ity surveys. A feasibility study was undertaken in 
Minnesota. The problems of data acquisition, anal- 
ysis, presentation, and utilization of information 
were also considered. 

A MODEL OF ANIMAL MOVEMENT 

The simplified diagram in figure 9-1 conceals a 
spectrum of operations from the order-buyer to the 
"pen-hooker" and the local livestock auction to the 
terminal market. Given that the objective is to esti- 
mate disease spread, however, it is possible to make 
certain simplifying assumptions 

1. Livestock are found in the following locations: 
farms, markets, and slaughterhouses (or in 
transit between them). 
a. "Farms" include ranches, feedlots, etc., 

where stock remains for any length of time 
during the production process. 

b. "Markets" include any premises where 
stock are gathered temporarily for resale 
purposes, for example, livestock exchanges, 
sales, auction markets, dealer's premises, 
terminal markets. 

c. "Slaughterhouses" are the end-point for the 
purposes of this model which considers 
diseases such as FMD, but in other diseases 
it would be possible to include "proces- 
sors" and "distributors" and even "con- 
sumers" if the objective were to study the 
distribution of animal products (e.g., sal- 
monellosis). 

2. It follows that for any movement between two 
locations (e.g., a farm in North Dakota to a 
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market in Minnesota) and for each class of 
animal (e.g., feeder calves) and each season 
and herd-size group there exists a particular 
probability of movement. So in November 
there is an x percent probability that at least 
one feeder calf (or lot of calves) will be dis- 
patched to a Minnesota market from a North 
Dakota farm. 

3. It is Hkely that such probabilities are similar 
from year to year, subject to: 
a. secular trends, e.g., economic pressures. 
b. temporary irregularities, for example, se- 

vere winter. But broadly speaking, few 
dramatic changes occur. The "momentum'* 
of the industry and seasonal effects are 
dominant. 

Figure 9-3 illustrates the pathways discussed 
above in the simplified form for a pair of regions or 
counties showing movements within region 1 and 
exports to region 2. (A "mirror-image" would also 
exist for movements within region 2 and exports 
from region 2 to region 1). 

The most realistic representation of movements 
in,- for example, Minnesota, would be a matrix 
showing each individual farm, market, and slaugh- 
terhouse (as in figure 9-4). To collect such data is 
clearly impossible and some aggregation would be 
necessary. Farms could be grouped into regions (or 
possibly counties) and further classified by herd 
size. Overall movement probabilities for regions 
(which can be measured) could be used to imply 
probabilities for each herd-size group within the 
region, as movement probability is clearly depend- 
ent on herd size. Such aggregation reduces the 
effect of farm-to-farm movement (because all farms 
in a county are represented by say 10 herd-size 
groups in that county) but it would be feasible to 
collect the data. 

There will always be a compromise between 
realism (with the difficulty in collecting sufficiently 
detailed data) and tractability which would demand 
at least some aggregation. In actually constructing 
a transition matrix, the primary objective should be 
to gather the most detailed information possible, 
making estimates where necessary. This implies an 
exercise in one State initially which could further 
develop the method and might indicate where ag- 
gregation does not result in serious loss of informa- 
tion. Figure 9-5 shows a feasible example for 
Minnesota. 

If it were thought necessary to describe the ac- 
tivities of packer buyers, for instance, it might be 
quite reasonable to include their activities as an 
explicit probability in the matrix, but for the pur- 

poses of simplicity, they can be considered to act 
as either part of the farm-to-slaughterhouse or 
market-to-slaughterhouse pathways depending upon 
where the purchases were made. 

The model impHed by the matrix is the Markov- 
Chain type and assumes, for instance, that the desti- 
nation of animals is independent of their origin 
when they reach market. 

e.g. The region to which slaughter cattle in the 
South St. Paul market are sent does not de- 
pend upon whether they came from South 
Dakota or Nebraska. 

It is not known how important this assumption 
might be. However, it is recognized that buyers do 
have preferences for cattle from particular regions 
(and regionally associated breeds). It would also be 
possible to examine the effects of different degrees 
of within-market spread which might be almost zero 
in Bruceila, but up to 100 percent in FMD. 

The model described above is, of necessity, a 
simplification of the "real world" situation, but it 
provides a basis on which data can be collected and 
analyses performed. However, if we are to advance 
from the present subjective and often anachronistic 
state of knowledge, such a systematization is neces- 
sary. At worst, with information of this sort, the 
policymaker would have "one foot on firm ground." 
At best, it would form the basis of an extremely 
versatile information system. 

MINNESOTA FEASIBILITY STUDY 

Objectives 

During the spring of 1975, in conjunction with 
staff of the State and Federal Veterinary Services, 
a pilot survey was carried out in Minnesota. Its ob- 
jectives were: 

1. to survey existing data sources, their advan- 
tages and disadvantages, 

2. to   explore  various   approaches  to   obtaining 
data where none was available, 

3. to develop a prototype computer-based system 
for the analysis of such data. 

The exercise was not intended to be comprehen- 
sive, but merely to investigate the feasibility of 
gathering the necessary data. 

Choice of Regions 

For the purposes of the feasibility study, Minne- 
sota was divided into three regions chosen on the 
basis of practicality and an agricultural homogeneity 
(see figure 9-6). Other States were referred to by 
the USDA "National Uniform Tag Code Numbers." 
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Figure 9-6. Regional division of Minnesota for feasibility study. 
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Data Sources 

1. Animal Population.—Provided that regions are 
chosen on a county or State basis, census in- 
formation will give the numbers of herds by 
species, and herd-size distribution. Problems 
may arise due to the delay in this data be- 
coming available. 

2. Movements.—Figure 9-7 shows how the path- 
ways diagram in figure 9-3 can be used to 
systematize data sources. Generally speaking, 
an analysis of: 
a. market arrivals (and departures where avail- 

able), 
b. slaughterhouse arrivals, and 
c. health certificates, 
will capture all but direct, in-State, farm-to- 
farm movements. Where necessary, those could 
be measured by farmer interview or perhaps 
a postal survey. We did not undertake such a 
survey in the Minnesota study, but feel that it 
would present no serious problems. 

Results 

1. Markets and other transaction points.—Using 
the lists of approved cattle and swine markets 

available from the Livestock Sanitary Board 
(LSB), data was gathered for transactions dur- 
ing the first week in November 1974. 
a. South St, Paul Union Stockyards.—This is 

a large-volume *'terminal" market. Volume 
for 1974 was as follows: 

Cattle —     980,175 
Calves —     105,313 
Hogs — 2,676,081 
Sheep —     254,261 

Total figures are available for each month 
of the year (without details of origin); 
however, trucker receipts have the informa- 
tion on origin, and data for 1 week was 
transcribed (fig. 9-8) and punched. South 
St. Paul (one of the largest terminal markets 
in the United States) is the point of most of 
Minnesota's animal movements. A monthly 
analysis is supplied to the LSB which could 
be used to weight a 1-week detailed survey 
and an ad hoc survey was carried out on be- 
half of the stockyards by a private company 
in 1971. Such data can also be of consider- 
able use. 

TABLE 9-2.    Minnesota livestock population, 1975 

Cattle 1 Hogs Sheep 

Region Farms 2 Head Farms Head Farms Head 

1 

2 

3 

9,927 

17,625 

14,715 

673,300 

1,803,600 

1,958,100 

1,235 

9,307 

10,650 

96,700 

1,214,500 

2,383,800 

1,315 

1,940 

3,102 

77,600 

92,700 

129,700 

42,267 4,430,000 21,192 3,227,700 6,357 300.000 

^Feedlots are not included. 
2 Farm numbers are for 1972. 
Source: Minnesota Agricultural Statistics, 1975, Crop and Livestock Reporting Service, Minnesota Department of Agriculture, August 1975. 

b. Livestock auction markets fsales barnsj.— 
These number 62 in Minnesota, 42 of which 
handle cattle, swine, and sheep; 16 of which 
handle all classes of swine; and 4 of which 
handle slaughter swine only (slaughter 
swine markets). Volume for these markets 
July 1,1973, to June 30,1974, was as follows: 

— 76,812 cattle blood tested 
— 6,594 sheep inspected 
—266,625 swine inspected 

Steers, dairy calves under 6 months of 
age, and beef-type calves under 8 months 
of age are not included in these totals. We 
initiated a postal survey to obtain steer and 
calf data for 1 week (February 17--22, 1975). 
Results are shown in appendix A. Response 
was virtually 100 percent and it would have 
been possible to gather more details of 
origin/disposal if necessary, though these 
auction markets usually draw animals from 
the local area (seldom more than 50 miles 
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FORM 2 

APHIS/UNIVERSITY OF MINNESOTA   MARKET-MOVEMENTS 

All boxes left blank indicate missing information 
Please keep figures in right-hand side of box 

READ THE CODING INSTRUCTIONS 

^ \_j TYPE OF FORM     Market arrival : 1    Market departure : 2    Slaughter : 3 

LOCATION CODE 

2-6 

7-10 

11-12 

MONTH   DAY 

1 
YEAR 

NAME 

TOWN 

COUNTY 

STATE ZIP_ 

PLANT NO. 

NUMBER IN DESTINATION 
GROUP/LOT SPECIES TYPE ORIGIN STATE/COUNTY COMMENTS 

Cattle-1    Young-1 Farm-l 
Pigs-2       Feeder-2 Market-2 
Sheep-3    Breeder-3 Dealers-3 

Slaughter-4 Slaughter-4 

See code sheet 

13-16 17 

29 

41 

53 

65 

18 

30 

42 

54 

66 

19 

31 

43 

55 

67 

20-24 

32-36 

44-48 

56-60 

68-72 

25-28 

37-40 

49-52 

61-64 

13-16 17 

29 

41 

53 

65 

18 

30 

42 

54 

66 

19 

31 

43 

55 

67 

20-24 

32-36 

4448 

56-60 

68-72 

25-28 

37-40 

49-52 

61-64 

13-16 17 

29 

41 

53 

65 

18 

30 

42 

54 

66 

19 

31 

43 

55 

67 

20-24 

32-36 

44-48 

56-60 

68-72 

25-28 

37-40 

49-52 

61-64 

Figure 9-8. Market movement punching document. 
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away). A large proportion of the animals is 
sold directly by farmers. Dealers of various 
types probably sell 5-25 percent of the 
animals depending on the particular market 
and such animals will have often passed 
through another market previously. Pur- 
chasers at these markets consist of farmers, 
dealers, and slaughter buyers (from packing 
plants), 

c. Swine packer buying stations.—Minnesota 
has more than 67 at the present time. They 
are: 

Company No. of stations owned 
Hormel 30+ 
Armour 24 
Wilson-Sinclair 4 
Morrell 4 
Rath 2 
Swift & Co. 1 
Hygrade 1 
Long Prairie Packing 1 

A list of locations within the State is held 
at the LSB. 

These stations purchase slaughter hogs 
from farmers and ship them direct to their 
affiliated packer for immediate slaughter. 
Some of these stations located near Minne- 
sota's borders receive out-of-State hogs. It 
is convenient to consider these as direct 
farm-to-slaughterhouse movements. (Rec- 
ords are not available from the buying sta- 
tions but can be obtained from the packers.) 

d. Feeder pig street sales.—Minnesota has 11 
operating currently. 

These are unregulated markets to which 
local farmers bring feeder pigs and sell 
them by private transaction to hog buyers. 
Most of these sales are located in northern 
or central Minnesota. A large number of the 
pigs go to feeders in southern Minnesota 
and other feeding States such as Iowa and 
Nebraska. We undertook a survey through 
Federal livestock inspectors to collect data 
on volume of sales and number of sellers 
and buyers, (appendix A contains the re- 
sults). 

e. NFO [National Farmers* Organization] 
Slaughter markets for cattle and swine.— 
Minnesota has 27+ of these markets. 

Slaughter animals are consigned to these 
markets by organization members and the 
animals are then sent to a favorable slaugh- 
ter market. Some of these markets located 
along Minnesota's borders receive animals 

from neighboring States. (None of the avail- 
able records shows out-of-State origin for 
these animals, but back-tag recovery infor- 
mation could be useful.) 

f. Dealers who maintain swine assembly barns. 
—Minnesota has 50+ of these barns. 

These men purchase feeder pigs at street 
sales and direct from farms usually in north- 
ern or central Minnesota. They then as- 
semble, sort, and resell them in larger 
groups to feeders in southern Minnesota and 
other feeding States. No records are avail- 
able but could be obtained through a survey 
if necessary. Volume of business is small. 

g. Dealers and order buyers.—Approximately 
1,100 to 1,400 people do this type of busi- 
ness in Minnesota (a listing is available at 
LSB). Most of this activity is recorded in 
market transactions. 

2. Slaughter plants. 
a. 368+ State locker plants.—These are cur- 

rently exempt from Federal inspection. 
These plants are generally low-volume oper- 
ations doing custom slaughter for farmers 
and smalltown residents.—Minor impact in 
movements studies. 

b. 49+ federally inspected locker plants (pri- 
marily local purchase and local resale of 
products].—Intermediate in volume. 

c. 15+ federally inspected packing companies. 
—These plants make a high percentage of 
purchases from markets both within Minne- 
sota and from out-of-State. 

Data on turnover for the latter two categories 
is available in the Meat and Poultry Inspection 
Service, Food Safety and Quality Service, U.S. 
Department of Agriculture, Washington, D.C. 

3. Alternative animal movement data sources. 
a. Market cattle and market pig identification 

schemes. 
These schemes give very good informa- 

tion for eligible animals (i.e., female cattle 
and hogs of breeding age destined for 
slaughter) but only the first market (which 
is contracted to apply tags or tattoos) and 
the final destination (slaughter) can be dis- 
covered. The average is also rather variable 
in some States. However, this data has not 
been exploited for the purposes of move- 
ments analysis and deserves more attention. 

b. Previous ad hoc surveys. 
There are many organizations interested 

in livestock movement and all may be in- 
volved in survey work from time to time. 
Examples relevant to Minnesota are: 
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—channels through which livestock work 
from farm to final destination in North 
Central Region Livestock Marketing (New- 
berg, 1963), and 

—the 1971 Survey of Hog Movements in 
South St. Paul Stockyards by Scientific 
Computers, Inc. 

c. Trucks. 
A vast majority of animals are carried by 

truck. A survey at weigh stations or markets 
might be useful. It has also been suggested 
that it would be possible to interview drivers 
on highway using C.B. radio! 

d. Railways. 
Although only a minor route these days, 

they might yield some information. 

COMMENTS ON RELIABILITY OF DATA 

Surveys of the type mentioned will always tend 
to underestimate the actual amount of movement, 
but if estimates of spread are known to be pessi- 
mistic, allowances can be made. In addition, un- 
recorded movements will tend to occur in response 
to the same supply and demand pressures as the 
recorded part of the system (100 percent efficient 
survey methods are not required). Every exit from 
one State or region is our entry to another. So in an 
ideal world, one State's data could be used to vali- 
date that from another. However, it is generally 
much easier to obtain information on arrivals than 
departures. It is important to stress to individuals 
who do not normally make returns on marketing 
activities that the information is confidential and 
that their identity will not be passed onto their com- 
petitors, etc. The sampling approach may reassure 
them, that is, one does not need data for a whole 
year but only on particular weeks. Identities can 
also be concealed by aggregation of data. 

PRESENTATION OF INFORMATION 

The complexity of movements data demands 
special attention to presentation of information. We 
should like to recommend the following techniques 
in particular: 

1. Movements (or transition) Matrix. 
Matrices such as that used in figure 9-5 can 

be used for data display and an example was 
seen in the Southeastern Study (Malphrus, 
et. al. 1968). 

2. Computer Graphics. 
During this study we developed a computer 

program MAPUS which will draw a map of 
the United States and superimpose a variety 
of movements data, either as lines radiating to 
or from the State in question (proportional to 

the number of head or lots) or as numbers 
written in the State center. The first technique 
is useful when comparing relative volumes of 
traffic, say, between different seasons, where- 
as the latter is useful where detailed data is 
needed. 

A copy of the output is shown in appendix 
B. This program may have other uses in USDA, 
where interstate movements are important (e.g., 
livestock products, personnel, or equipment) 
and could be further developed, if necessary. 
The program is available from the University 
of Minnesota, Department of Health Comput- 
ing Services. 

3. Stimulation. 
One of the most interesting opportunities 

presented by the transition matrix approach is 
that it lends itself to simulation techniques. 
Using a discrete-time State transition model, 
it would be possible to simulate the effect of 
marketing movements on disease spread, (e.g., 
given one FMD-infected farm in Minnesota in 
a particular season, what would be the proba- 
bility of spread to other farms and markets in 
the United States in 1 week, 2 weeks, or 6 
weeks?) 

Such a simulation might have to take account 
of the influence of "chance" on spread where 
numbers of affected animals were small (Monte 
Carlo methods might be appropriate) but it 
would be useful to know, in advance, where 
the disease would be most likely to spread. In 
addition, by setting certain transition probabili- 
ties at zero, it would be possible to simulate the 
effects of market closures in one region, and 
this might reflect increases in traffic in another 
region. However, this might not be too serious. 
Adjustments could be made either within the 
model or by the user. 

Another opportunity would be to study the 
effects of interstate embargo, for instance, on 
numbers of inspectors required or optimum al- 
location of inspectors. The possibilities for 
such models are considerable even from the 
purely epidemiological standpoint. Economists 
could also utilize such models to suggest ways 
of minimizing the impact of control procedures 
(e.g., choice of groups of States for regional 
control policies). 
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APPENDIX A: CATTLE, SHEEP, AND HOGS—ST. PAUL UNION STOCKYARDS, 
DAKOTA COUNTY, MINNESOTA ^ 

Young 

Table 9-A-l    Cattle 

Feeder Breeder Slaughter Unspecified^ 

^Data collected in the survey November 4-8, 1974. 
^Almost all feeders. 
Source: TrucJker receipts. 

Total 

Wisconsin 
Head 808 0 0 1 3,294 4,103 

Lots 272 0 0 1 806 1,079 

Minnesota 
Head 1,878 71 2 3 15,900 17,854 

Lots 800 4 1 1 3,490 4,296 

Iowa 
Head 36 0 0 43 340 419 

Lots 5 0 0 2 34 41 

North Dakota 
Head 116 0 0 46 1,130 1,292 

Lots 3 0 0 1 40 44 

South Dakota 
Head 12 0 0 405 2,280 2,697 

Lots 8 0 0 13 113 134 

Nebraska 
Head 0 0 0 137 0 137 

Lots 0 0 0 3 0 3 

Montana 
Head 0 0 0 0 317 317 

Lots 0 0 0 0 10 10 

Unspecified 
Head 

Lots 

Head 

0 

0 

0 

0 

71 

0 

0 

~2 

0 

0 

635 

20 

2 

20 

2 

Totals 
2,850 23,281 26,839 

Lots 1,088 4 1 21 4,495 5,609 
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Table 9-A-2 Sheep 

Head 

Young 

0 

Feed( 

0 

2r               Breeder Slaughter Unspecified! Total 

Wisconsin 
0 913 2,842 3,755 

Lots 0 0 0 62 222 284 

Minnesota 
Head 0 0 0 6,498 29,210 35,708 

Lots 0 0 0 451 2,366 2,817 

Iowa 
Head 0 0 0 85 714 799 

Lots 0 0 0 3 24 27 

North Dakota 
Head 0 0 0 163 1,030 1,193 

Lots 0 0 0 7 16 23 

South Dakota 
Head 0 0 0 739 910 1,649 

Lots 0 0 0 12 27 39 

Head 0 0 0 0 0 0 
Nebraska 

Lots 0 0 0 0 0 0 

Montana 
Head 0 0 0 76 26 102 

Lots 0 0 0 1 1 2 

Head 0 0 0 0 0 0 
Unspecified 

Lots 0 0 0 0 0 0 

Totals 
Head 0 0 0 8,474 34,732 43,206 

Lots 0 0 0 536 2,656 3,192 

^Mainly slaughter. 
Source; Trucker receipts. 
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Table 9-A- -3    Hogs^ 

Young Feeder Breeder Slaughter Unspecified 2 

917 

Total 

Wisconsin 
Head 16 0 0 0 933 

Lots 1 0 0 0 33 34 

Minnesota 
Head 54 0 0 0 7,482 7.536 

Lots 3 0 0 0 356 359 

Iowa 
Head 0 0 0 0 383 383 

Lots 0 0 0 0 13 13 

North Dakota 
Head 0 0 0 0 278 278 

Lots 0 0 0 0 5 5 

South Dakota 
Head 0 0 0 0 401 401 

Lots 0 0 0 0 10 10 

Nebraska 
Head 0 0 0 0 0 0 

Lots 0 0 0 0 0 0 

Montana 
Head 0 0 0 0 0 0 

Lots 0 0 0 0 0 0 

Unspecified 
Head 

Lots 

Head 

0 

0 

70 

0 

0 

0 

0 

0 

0 

33 

3 

33 

4 

1 

37 

4 

Totals 
9,465 9,568 

Lots 4 0 0 3 418 425 

^Data collected in the survey November 4-8, 1974. 
2Almost all slaughter. 
Source: Trucker receipts. 
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TECHNICAL REPORT NO. 10 

MOVEMENT OF MILK IN THE UNITED STATES AND ITS IMPLICATIONS 
IN THE SPREAD AND CONTROL OF FOOT-AND-MOUTH DISEASE 

Nasser A. Aulaqi ^ 

INTRODUCTION 

Foot-and-mouth disease (FMD) is one of the most 
contagious of all diseases. Cattle affected with 
FMD shed the virus through numerous pathways 
including mammary secretions. FMD virus may be 
present in milk from infected cows a few days 
before the onset of clinical signs (6].^ Also there is 
experimental evidence which indicates that once 
the mammary tissue is infected with FMD virus, 
the virus concentrations in milk may exceed those 
in the blood and the virus may persist in the udder 
several days after it disappears from the blood [13], 
Thus milk and milk derivatives from infected cows 
present a potential hazard in transmission of the 
disease not only by direct contact but also through 
the contamination of persons, containers, and 
vehicles. 

Various research investigations have linked FMD 
outbreaks to infected milk. Milk-borne transmission 
of FMD was reported in England and other coun- 
tries. Brooksby cited a case in which milk from 
infected cows was fed to calves while in transit at 
Crewe, England. The subsequent movement of these 
calves led directly or indirectly to 101 new out- 
breaks of FMD at places 150 to 300 miles from 
Crewe (7). During the 1967-68 FMD epidemic in 
Great Britain, a number of outbreaks were traced 
to contaminated skim milk which was fed to pigs. 
A bulk tanker carrying contaminated skim milk 
distributed its load among three pig farms in 
Worcestershire, England, which subsequently be- 
came infected with FMD. The disease spread from 
2 of the 3 farms until 29 more farms in the area 
became infected [10]. Hyslop reported that several 
outbreaks of FMD in Switzerland were attributed 
to milk products [12], 

A more recent study by Hugh-Jones [11] stated 
that primary movement of milk and its role in trans- 
mitting FMD is less than might have been previously 
thought. He developed a computer simulation model 
to mimic the 1967-68 FMD epizootic in Shropshire 

^Assistant Professor, Department of Agricultural and Applied Economics, 
University   of  Minnesota,   St.   Paul,  Minn.   The   author  is   indebted   to 
Dr. Hunt McCauley and Dr. W. B. Sundquist for their helpful comments 
and suggestions. 
^Italic numbers in parentheses refer to References cited at end of report. 

and Cheshire, England, in which the daily spatial 
distribution of outbreaks was randomized. The pat- 
tern of outbreaks was then analyzed to determine 
what percentage of outbreaks would fulfill an arbi- 
trary set of criteria for the primary movement of 
milk. The result indicated that a milk truck had to 
visit seven infected farms before it would have 
appeared to have transmitted FMD to one other 
subsequently visited dairy herd. 

The dangers associated with the movement of 
milk during FMD epidemics have been recognized 
by U.S. animal health officials. The Animal and 
Plant Health Inspection Service (APHIS) of the U.S. 
Department of Agriculture has established a code 
of practice in handling milk movement during 
disease outbreaks. The code stipulates that special 
handling and processing procedures should be ap- 
plied to milk and milk products produced within 
quarantine and buffer areas. For example, the regu- 
lations state that ''with the exception of milk used 
on the premises of origin, all milk within the quaran- 
tine zone must be (1) destroyed by a method that 
will prevent the spread of FMD (such as dumping 
in pits and covering) or (2) processed at approved 
plants using 'approved' procedures known to be 
effective in destroying foot-and-mouth disease virus. 
The only 'approved' procedures are (1) manufac- 
turing of cheese or sour cream butter or (2) heating 
to 145°F. for 30 minutes"(3). Because of economic 
considerations the decision to process or condemn 
milk may depend largely on the volume of milk 
involved. If the cost of processing it via approved 
procedures is not excessive relative to its value 
the milk will likely be processed. 

It is clearly recognized that a major epidemic of 
FMD in the United States could cause serious dis- 
ruptions in the dairy industry. The value of U.S. 
dairy products at the farm level alone was more 
than $9.4 billion in 1974 (5). While it is agreed that 
every effort should be made to control the spread 
of an FMD epidemic, it is also recognized that 
efforts should be made also to minimize the eco- 
nomic impact of quarantines and other restrictions 
on producers, processors, and consumers of milk 
and milk products. 
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An understanding of milk movement in the United 
States by animal health officials will substantially 
enhance their disease control measures. In the event 
of a disease epidemic, it would be possible to do 
the following: 

(1) Predict more effectively the general direction 
of spatial spread of the disease caused by 
milk movement. For example, if an FMD out- 
break has occurred in a dairy herd, it would 
be possible to trace the movement of infected 
milk from that herd and make predictions of 
the most likely locations where such milk or 
its derivatives might be fed to animals. 

(2) Enforce restrictions on milk movement and 
deploy disease control personnel to areas in 
which the disease is likely to spread by in- 
fected milk. By enforcing controls in which 
the disease is most likely to spread, it will be 
possible to limit the economic impact of con- 
trols by eliminating unnecessary and costly 
restrictions. 

OBJECTIVES 

Given that infected milk may be involved in the 
spread of FMD and that it may prove to be a serious 
obstacle to FMD control, this study has the follow- 
ing objectives: 

(1) Give a general picture of the production and 
marketing system of fluid and other milk 
products in the United States. The main path- 
ways of milk movement will be described. 

(2) Indicate the major risks of FMD spread as- 
sociated with the movement of dairy products. 

(3) Suggest recommendations for minimizing both 
the risk of spread and the impact of controls 
on the dairy industry. 

MILK PRODUCTION 

Milk is produced in every State of the United 
States but only a few States produce a large portion 
of the total milk produced. The numbers of dairy 
cows and milk production by States are shown in 
ñgure 10-1 for 1975. Figure 10-2 shows the number 
of dairy farms by States for 1969. Wisconsin, Cali- 
fornia, New York, and Minnesota are the four 
highest producing States. Wisconsin, which has been 
the leader in milk production, produced about 19 
billion pounds of milk in 1975, followed by Cali- 
fornia which produced close to 11 billion pounds (4). 
More than one-half of the milk produced in 1975 
was produced in the eight States touching the 
Great Lakes. 

Figures 10-1 and 10-2 show clearly that the dairy 
industry is most heavily concentrated in the east 
north-central and the Mid-Atlantic regions of the 
United States. The other major areas of production 
are the Paciñc and the South Atlantic States. The 
West Central and Mountain States generally have 
the lowest concentration of dairy farms. 

MILK ASSEMBLY AND MOVEMENT 

The marketing of milk in the United States in- 
volves a large number of organizations and agen- 
cies. There are three primary stages in the market- 
ing of milk. These are as follows: 

(1) The first stage consists of the collection and 
subsequent movement of milk from farms to 
assembly and processing plants. 

(2) The second stage includes the processing, 
manufacturing, and üackaeine. 
ine   secona   stage   memoes   ir 
manufacturing, and packaging. 

(3) The third stage involves the distribution of 
fluid milk and manufactured products. 

Not many years ago the basic assembly of milk 
was done by trucks picking up milk in cans from 
the individual farms and delivering it to milk plants. 
During recent years milk assembly has changed 
significantly. Many dairy producers have installed 
large cooling tanks that receive milk directly from 
milking machines. Milk is then picked up from 
farms by large bulk tank trucks which pump it 
directly from the cooling tanks. 

Since milk is considered to be a highly perishable 
product, it must be refrigerated and either con- 
sumed within a short period of time or manufac- 
tured into dairy products that are less perishable 
and bulky. Milk is transported from farms to proc- 
essing plants where it is processed and packaged. 
The processor or distributor then delivers the milk 
directly to consumers, retail stores, institutions, etc. 
The reader is referred to figure 10-3 which shows 
the movement of milk and milk products from the 
producer to the final consumer. 

The development of bulk handling methods ex- 
panded the area from which milk may be collected 
for processing and subsequent distribution. Assem- 
bly routes of milk from farms to plants vary from 
30 to 300 miles but most plants obtain their supply 
of milk from within a 45-mile radius [14]. 

On the distribution side, improvement in transpor- 
tation and the development of the paper container 
have contributed in expanding sale areas for fluid 
milk. There are examples of packaged milk shipped 
up to 500 miles. However, most fluid milk is shipped 
less than 100 miles from processing plants (2). 
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MILK UTILIZATION 

Usage of milk in the United States varies con- 
siderably by regions as shown in figure 10-4. In 
production areas which are removed from large 
metropolitan centers, a large portion of the milk 
produced goes into manufactured milk products 
such as butter and cheese. For example, approxi- 
mately three-fourths of the milk produced in Michi- 
gan, Minnesota, and Wisconsin is used for manu- 
facturing dairy products. On the other hand, only 
30 percent of the milk produced in the Northeast 
is used for manufactured dairy products. Because 
the population is large in this region, the majority 
of milk produced is used for fluid milk and cream. 
On a national basis, less than 50 percent of all milk is 
used for fluid consumption. Appendix table 10-A-l 
presents milk utilization by States for the year 1974. 
The table shows that in 1974 about 95.3 percent of 
all milk produced by U.S. dairy farmers was sold as 
whole milk to milk dealers and processing plants. 
Sales of cream by farmers were about half of one 
percent of total milk produced. The remaining 4.2 
percent included 1.4 percent fed to calves, 1.5 per- 
cent used for milk, cream, and butter on farms, and 
1.3 percent sold directly to consumers by producer 
dealers. 

MARKETING ORDERS 

Milk is one of the most regulated commodities in 
the United States. Since the 1930's, Federal milk 
marketing orders were established for the purpose 
of maintaining orderly production and marketing 
of dairy products. Unlike livestock movement, the 
movement of dairy products in this country is 
closely regulated and monitored. Therefore, it is 
much easier to trace milk movement during a 
disease situation than to trace animal movements. 

As of January 1974, there were 61 marketing areas 
under Federal orders (fig. 10-5). These orders may 
cover a part of a State, an entire State, or parts of 
several States. For example, the San Antonio mar- 
keting order includes only a single county. Others, 
such as the Boston regional order, cover parts of 
several States. A marketing order covers all milk 
marketed within an area even though some of the 
milk may be produced somewhere else. 

In addition to the Federal marketing orders, 20 
States have established their own milk control agen- 
cies. Appendix table lO-A-2 provides a list of these 
States and shows the percentage of milk which is 
regulated by State agencies. 

Deliveries of milk to Federal marketing orders 
came from 48 States in 1974. During the same year, 
the 61 Federal order markets were receiving milk 
from producers in 2,180 counties of the 3,108 coun- 

ties in the 48 contiguous States. The supply areas 
for individual markets in many cases covered sev- 
eral States—usually the State or States in which 
the market was located plus neighboring States. In 
1974, the percentage of markets receiving milk from 
five or more States was 35 percent with 8 percent 
of the markets receiving milk from eight or more 
States. Appendix table lO-A-3 lists the Federal 
milk marketing areas and shows the annual volume 
of milk delivered to each market from each State 
and the percentage that each State represents of 
the total value of milk delivered to each market. 

METHODS BY WHICH MILK MAY SPREAD FMD 

The following are the major ways by which milk 
and its movement might be involved in the spread 
of disease (9). 

A. Primary Movement of Milk 
1. Spillage or leakage of infected milk from 

containers during transportation. 
2. Cross contamination—This may occur when 

a truck loaded with infected milk and empty 
milk cans delivers the empty cans to other 
dairy farms. 

3. Particular hazards associated with bulk tank 
collection—The bulk tank method requires 
that the milk truck enter the farm yard to 
collect milk. This increases the chances of 
disease spread because of the possibility of 
contact between the truck, the driver, and 
the milking herd. In addition, it is very pos- 
sible that some milk remaining in the con- 
necting pipe from the previous collection 
might be spilled during the connecting opera- 
tions unless the pipe was thoroughly washed. 

4. Contamination of the milk truck, the driver, 
or other equipment carried on the truck by 
infected milk carried on the truck or associ- 
ated with a visit to an infected premise. 

B. Secondary Movement of Milk 
1. Movement of byproducts—There is a possi- 

bility of disease spread when raw milk is 
sent to processing plants, since the byprod- 
ucts, such as skim milk and whey, may end 
up as animal feed. This possibility represents 
the greatest threat for spread of FMD long 
distances from the original source. In 1961 
half of the cheese factories in Wisconsin re- 
turned whey free to farmers for livestock 
feed (1). 

Casein is another milk byproduct which 
could transmit FMD. Recent research indi- 
cated that cattle inoculated with samples of 
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casein and sodium caseinate containing FMD 
virus became infected with the disease (8). 
Practically all of the casein and casein mix- 
tures consumed in the United States are 
imported. Furthermore, some of those prod- 
ucts are imported from countries where FMD 
is endemic (see appendix table lO-A-4). 

2. Producer-retailer activities—In 1974 about 1.3 
percent of milk was sold directly to consumers 
by producer dealers. The possibility of con- 
tact with susceptible livestock is considerable 
because many consumers of this milk live in 
rural areas and animals may be infected 
through household wastes^ 

3. Pasteurized milk movements—The dangers 
associated with pasteurized milk depend on 
the efficacy of current pasteurization tech- 
niques on the inactivation of the virus. Normal 
pasteurization may be inadequate to destroy 
FMD virus completely. A recent study re- 
ported that FMD virus survived in whole milk 
after heating at 72°C. for 15 seconds and also 
after heating milk at 80 °C. for the same 
period.  The  study reported also  that FMD 
.virus was detected in milk samples which 
were pasteurized and evaporated at 65 °C. to 
50 percent of their original volume (8). 

4. Rejected milk movement—If used for animal 
feeding, rejected milk may be involved in the 
spread of FMD. 

C. Indirect Methods of FMD Transmission 
1. Infection of stock by accidental contamina- 

tion of dairy personnel having access to sus- 
ceptible animals. 

2. Contamination   of   equipment   and   vehicles 
which may be used on other farms. 

3. Contamination of disposal systems which may 
cause the infection of nearby premises. 

IMPLICATIONS AND RECOMMENDATIONS 

It is clear that milk movement is a major potential 
hazard in the control of FMD, but it is a hazard 
which can be controlled by the employment of 
appropriate control measures. Prior to any control 
measures, disease control personnel will need to 
have accurate data pertaining to milk movement by 
different categories. Such data will not be hard to 
collect since milk movement in the United States 
is closely monitored, particularly the milk marketed 
under marketing orders (see section on marketing 
orders). 

Once data is collected on the movement of milk 
in the affected areas, steps should be taken to con- 
trol the spread of disease via milk. The reader is 
referred to the official APHIS manual which lists 

the steps that should be taken during an epidemic 
in order to control FMD spread through milk 
movement [11], 

Milk is produced and marketed in every part of 
the United States. Thus many individuals, agencies, 
and organizations are involved in the complex sys- 
tem of production, processing, and distribution of 
dairy products. Restricting milk movement to limit 
the spread of disease will have minimum adverse 
effect on the dairy industry if only a small disease 
epidemic is involved. However, if a large and pro- 
longed epidemic is involved, the restrictions and 
controls will be felt throughout the industry. The 
pattern of milk marketing will be substantially 
changed as a result of restrictions on milk move- 
ment. For example, table 10-3 shows that in 1974, 
San Antonia, Texas, received more than 25 percent 
of its fluid milk from Kansas. An epidemic of FMD 
in Kansas will thus deprive San Antonio of 25 per- 
cent of its milk supply for the duration of the out- 
break or until an alternative source of milk supply 
is found. It can be readily seen that milk shortages 
and high prices may result from FMD epidemics. 

In order to minimize the economic impact of 
restrictions and at the same time limit the spread of 
FMD through milk movement, we recommend the 
following steps: 

1. Disease control personnel should seek maxi- 
mum cooperation from producers, processors, 
and distributors of dairy products. 

2. Periodic milk movement data should be col- 
lected during an outbreak to assess any pos- 
sible involvement of milk in the spread of 
FMD. 

3. On the basis of milk movement data, it is 
recommended that anticipatory diagnosis 
should be conducted on farms considered to 
be most likely to get the disease. By diagnosis 
of FMD in milk from cows before clinical 
signs appear, we can substantially limit the 
extent of an outbreak and subsequently mini- 
mize the economic losses. As indicated before, 
research evidence in Great Britain showed that 
in spite of constant vigilance and early report- 
ing of FMD, the virus was found to be present 
in fresh milk from farms prior to the disease 
being either confirmed or even suspected of 
being there. It is this milk which may present 
a real hazard in the control of FMD. 

4. Support should be given to more research on 
the spread of FMD by feeding infected milk 
and milk products in order to determine the 
technical dimensions of this problem. Ade- 
quate safeguards should be established in order 
to prevent the importation of FMD-contami- 
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nated milk products such as casein and casein 
mixtures. 

5. Finally, it is recommended that research should 
be continued in order to find a safe method to 
process infected milk, since disposal of in- 
fected milk during a large epidemic may result 
in drastic and adverse economic effects on the 
dairy industry and consumers of dairy 
products. 
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APPENDIX A: TABLES OF DATA ON MILK PRODUCT UTILIZATION, PRODUCTION, 
AND IMPORTATION 

State 

Ala. 
Ariz. 
Ark. 

TABLE 10-A-l.    Milk utilization by States, 1974 

Milk used on farms where produced Milk marketed by farms 

Sold to plants and dealers 

Fed to Used for milk, 
calves        cream, and butter Total 

As whole 
milk 

27 
1 

35 

34 
6 

42 

Million pounds 

655 
750 
655 

As farm-sep- 
arated cream 

Sold 
directly to 
consumers 

21 
54 
12 

Total 

676 
804 
667 

Calif. 
Colo. 
Conn. 

84 
19 

6 

17 
18 

6 

101 
37 
12 

10,110 
780 
580 

1 
13 

389 
36 
21 

10,500 
829 
601 

Del. 
Fla. 
Ga. 

1 
7 
5 

2 
14 
23 

3 
21 
28 

128 
1,860 
1,160 

1 
21 

6 

129 
1,881 
1,166 

Idaho 
111. 
Ind. 

36 
26 
15 

20 
27 
23 

56 
53 
38 

1,480 
2,530 
2,220 

15 
6 
9 

1,499 
2,543 
2,237 

Iowa 
Kansas 
Ky. 

75 
22 
32 

79 
26 

133 

154 
48 

165 

3,660 
1,325 
2,190 

120 
15 

13 
15 
15 

3,793 
1,355 
2,205 

La. 
Maine 
Md. 

4 
6 

11 

27 
7 

16 

31 
13 
27 

1,015 
590 

1,455 

13 
12 

8 

1,028 
602 

1,463 

Mass. 
Mich. 
Minn. 

5 
47 

159 

7 
31 

122 

12 
78 

281 

550 
4,470 
9,070 

30 
24 

32 
10 

7 

582 
4,510 
9,101 

Miss. 
Mo. 
Mont. 

4 
35 
9 

33 
75 
16 

37 
110 

25 

865 
2,860 

248 
18 
16 

5 
20 

5 

870 
2,898 

269 

Nebr. 
Nev. 
N.H. 

28 
3 
4 

30 
2 
5 

58 
5 
9 

1,295 
161 
316 

116 
.3 .7 

1,419 
162 
324 

N.J. 
N.Mex. 
N.Y. 

5 
3 

142 

6 
7 

90 

11 
10 

232 

520 
308 

9,505 

20 
20 
85 

540 
328 

9,590 

N.C. 
N.D. 
Ohio 

18 
28 
60 

152 
26 
56 

170 
54 

116 

1,345 
910 

4,060 
86 

1 

19 
5 

18 

1,364 
1,001 
4,079 

Okla. 
Oreg. 
Pa. 

20 
24 
40 

29 
9 

95 

49 
33 

135 

1,055 
920 

6,500 

17 
4 

15 

16 
47 

241 

1,088 
971 

6,836 

(Table 10-A-l continues on p. 180) 
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TABLE 10-A-l. (Cont'd.).    Milk utilization hy States, 1974 

Milk used on farms where produced Milk marketed by farms 

State 

Sold to plants and dealers Sold 
Fed to Used for milk, As whole As farm-sep- directly to 
calves cream , and butter Total milk arated cream consumers Total 

1 1 61 1 62 
6 15 21 473 9 482 

24 30 54 1,385 74 5 1,464 

50 60 110 1,770 12 1,782 
24 59 93 3,270 15 3,285 

8 15 23 860 39 899 

30 17 47 1,895 8 1,903 
18 39 57 1,630 6 6 1,642 

7 27 34 289 2 8 299 

374 176 550 17,799 17 17,812 
4 5 9 110 2 2 114 

37 16 53 2,090 4 165 2,259 

R.I. 
S.C. 
S.D. 

Tenn. 
Tex. 
Utah 

Vt. 
Va. 
Wash. 

Wis. 
Wyo. 
W.Va. 

U.S. 1,595 1,753 3,348 109,963 583 1,522 112,068 

Source; Milk, Production, Disposition and Income, SRS, USDA, Washington, D.C., April 1975, pp. 8-9. 

TABLE lO-A-2.    States with milk control programs and percentage of milk regulated 

State Percentage of milk under regulation^ 

Alabama^ 
California'' 
Hawaii 

Louisiana 
Maine'' 
Massachusetts 

Mississippi 
Montana^ 
Nevada 

New Jersey 
New York 
North Carolina^ 

North Dakota 
Oregon 
Pennsylvania 

South Carolina^ 
South Dakota 
Vermont 

Virginia^ 
Wyoming* 

97 
89 
85 

100 
90 

100 

60 
88 
100 

100 
93 

100 

100 
95 
95 

100 
98 
90 

80 
100 

iThese percentages were submitted hy the respective  States.  In some cases, only a portion of the State is directly under State control since other 
areas have Federal orders. 
a As of January 1974, these States did not have Federal Milk Marketing Orders (see fig. 5). 
Source; Adapted from Richard C. FoJey, et al, Dairy Cattle: Principles, Practices, Problems, Profits, Lea and Fehiger, Philadelphia, 1972. 
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TABLE lO-A-3.    Sources of milk marketing areas under Federal Orders; 
Producer deliveries, by marketing area and State, 1974 

Market and State 

State as 
percentage 
of market 

Percent 

APPALACHIAN (510,805f 10000 
Va. 41.06 
Tenn. 30.35 
Ky. 22.66 
N.C. 4.14 
W.Va. 1.79 

AUSTIN-WACO (139,472) 100.00 
Tex-(Okla) 100.00 

BLACK HILLS (62,464) 100.00 
S.D.-(Wyo) 100.00 

BOSTON REGIONAL (3,320,322) 100.00 
Vt. 47.83 
N.Y. 20.92 
Mass. 10.75 
N.H. 8.43 
Maine 7.84 
Conn. 2.43 
R.L 1.80 

CEDAR RAPIDS-IOWA CITY (131,468) 100.00 
Iowa 100.00 

CENTRAL ARIZONA (775,572) 100.00 
Ariz. 92.28 
Calif. 7.21 
(Tex)-(N.M.) .51 

CENTRAL ARKANSAS-FT. SMITH (353,410) 100.00 
Ark. 96.94 
Mo-(Okla) 1.95 
Tex. 1.11 

CENTRAL ILLINOIS (171,119) 100.00 
111. 70.73 
Iowa 18.02 
Minn-(Wis) 11.25 

CENTRAL WEST TEXAS (160,428) 100.00 

Tex. 90.12 
N.M. 9.88 

CHATTANOOGA (365,873) 100.00 
Tenn. 97.07 
Ga. 2.93 

CHICAGO REGIONAL (8,141,960) 100.00 
Wis. 91.66 
111. 8.02 

Iowa •2J^ 
Minn-(Mich) -H 

CONNECTICUT (1,354,399) 100.00 
Conn. 30.88 
N.Y. 38.40 
Mass. 12.18 
Vt. 11.67 
N.H.-(R.I.) .87 

CORPUS CHRISTI (185,355) 100.00 
Tex. 100.00 

Market and State 

State as 
percentage 
of market 

Percent 

DES MOINES (618,162) 100.00 
Iowa 74.96 
Minn. 20.63 
Wis. 4.41 

DULUTH-SUPERIOR (142,788) 100.00 
Minn. 56.50 
Wis. 43.50 

EASTERN COLORADO (838,154) 100.00 
Colo. 75.33 
Idaho 8.09 
Utah 6.90 
Nebr. 3.78 
Kans. 2.14 
S.D. 1.24 
Wyo. 1.06 
Minn-(Iowa) «96 
(Oreg)-(N.D.) .50 

EASTERN OHIO-WESTERN PENNSYLVANIA 
(3,289,560) 100.00 

Ohio 53.68 
Pa. 37.46 
N.Y. 4.02 
W.Va. 2.81 
Md. 1.23 
Ind. .45 
Wis. .26 
Mich. .09 

EASTERN SOUTH DAKOTA (279,119) 100.00 

S.D. 74.87 
Minn. 18.89 
Iowa-(N.D.) 6.24 

GEORGIA (1,340,412) 100.00 
Ga. 83.03 
Ala-Ky 6.25 
Tenn. 4.48 
S.C. 3.16 
N.C. 3.08 

GREAT BASIN (578,376) 100.00 
Utah 85.88 
Idaho 11.18 
Wyo. 2.11 
Nev. .61 
(Colo)-(Oreg) .22 

INDIANA (2,010,103) 100.00 
Ind. 57.58 
Wis. 20.97 
111. 7.68 
Iowa 4.93 
Mich. 4.47 
Ohio-(Ky) 4.37 

INLAND EMPIRE (253,502) 100.00 
Wash. 82.61 
Idaho 14.93 
Mont. 2.46 

(Table lO-A-3 continues on p. 182) 
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TABLE lO-A-3. (Cont'd.).    Sources of milk for milk marketing areas under Federal Orders: 
Producer deliveries, by marketing area and State, 1974 

Market and State 

State as 
percentage 
of market Market and State 

State as 
percentage 
of market 

Percent Percent 

KANSAS CITY (1,083,525) 100.00 NEOSHO VALLEY (5,586) 100.00 

Kans. 43.90 Kans. 54.40 

Mo. 35.68 (Mo)-(Nebr) 45.60 

Minn. 17.42 NEW ORLEANS (587,344) 100.00 

Nebr. 2.32 La. 72.81 

Iowa .68 Miss. 27.19 

KNOXVILLE (145,551) 100.00 NEW YORK-NEW JERSEY (9,462,251) 100.00 

Tenn. 100.00 N.Y. 72.51 

LAKE MEAD (128,856) 100.00 Pa. 24.22 

Nev. 55.72 N.J. 3.14 

Utah 44.28 Md. .10 
(Vt)-(W.Va.) .03 

LOUISVILLE-LEX.-EVANS (1,127,058) 100.00 

Ky. 
Ind. 

75.40 NORTH CENTRAL IOWA (115,117) 100.00 

23.15 Iowa 93.80 

111. 1.21 Minn-(111) 6.20 

Tenn. .24 NORTH TEXAS (1,628,899) 100.00 

LUBBOCK-PLAINVIEW (73,837) 
Tex. 

100.00 
78.87 

Tex. 
Kans. 

84.40 
8.11 

N.M. 17.60 Okla. 6.77 

Okla. 3.53 N.M. .66 
(Ark)-(Nebr) .06 

MEMPHIS (348,989) 100.00 NORTHERN LOUISIANA (241,885) 100.00 
Tenn. 37.82 La. 90.88 
Miss. 34.68 Tex. 4.78 
Ark. 16.02 Miss. 4.34 
Ky. 
Iowa 

7.02 
2.33 OHIO VALLEY (2,905,923) 100.00 

Mo. .88 Ohio 64.68 
Ind. 12.26 

Wis. .82 
(Okla)-(Tex)-(Kans)-(Minn) .43 Ky. 

Mich. 
10.29 

7.26 
MICHIGAN UPPER PENINSULA (103,532) 100.00 W.Va. 3.71 

Mich. 88.78 Wis. 1.21 
Wis. 11.22 Va.-(Iowa) .59 

MIDDLE ATLANTIC (4,650,459) 100.00 OKLAHOMA METROPOLITAN (792,439) 100.00 
Pa. 48.04 Okla. 75.37 
Md. 29.81 Kans. 13.55 
Va. 12.38 Tex. 5.06 
N.Y.-N.J. 5.32 Mo. 3.49 
Del. 2.48 Ark. 1.53 
W.Va. 1.97 Nebr-(N.M.) 1.00 

MINNEAPOLIS-ST. PAUL (2,833,118) 100.00 OREGON-WASHINGTON (1,193,207) 100.00 

Minn. 54.98 Oreg. 61.65 

Wis. 45.02 Wash. 33.93 
Idaho 3.85 

MINNESOTA-NORTH DAKOTA (814,398) 100.00 Calif. .57 
Minn. 78.15 PADUCAH (117,144) 100.00 
N.D. 20.28 Ky. 67.46 
S.D. 1.57 Tenn. 20.36 

NASHVILLE (533,135) 100.00 Mo. 8.43 
Tenn. 75.79 111. 3.75 
Ky-(Ala) 24.21 PUGET SOUND (1,499,172) 100.00 

NEBRASKA-WESTERN IOWA (1,044,613) 100.00 Wash. 100.00 

Nebr. 54.91 
21.38 

QUAD CITIES-DUBUQUE (412.284) 

Iowa 

100.00 

Iowa 81.32 
Minn. 12.27 m. 12.26 
S.D. 8.65 Wis. 3.43 
Kans-(Wyo)-(Colo) 2.79 Minn. 2.99 

(Table lO-A-3 continues on p. 1Ô3) 
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TABLE lO-A-3. (Cont'd.).    Sources of milk for milk marketing areas under Federal Orders: 
Producer deliveries, hy marketing area and State, 1974 

State as State as 
percentage percentage 

Market and State of market Market and State of market 

Percent Percent 
RED RIVER VALLEY (139,913) 100.00 S.E. MINN-N.  IOWA   (434,767) 100.00 

Okla. 84.88 Minn. 93.96 
Tex. 15.12 Wis. 3.59 

RIO GRANDE VALLEY (372, 670) 100.00 Iowa 2.45 
N.M. 66.85 SOUTHERN ILLINOIS (1,019,681) 100.00 
Tex. 18.13 111. 40.00 
Ariz. 7.91 Wis. 34.16 
Colo. 6.26 Minn. 14.96 
(Okla)-(Utah)-(Kans) .85 Iowa 6.31 

ST. LOUIS-OZARKS (1,691,251) 100.00 Mo. 3.87 
Mo. 63.91 Ind. .70 
111. 30.49 SOUTHERN MICHIGAN (3,727,997) 100.00 
Iowa 2.47 Mich. 96.18 
Ark. 1.33 Wis. 3.03 
Wis. .95 Ind. .62 
Minn. .30 Ohio .17 
Okla. .55 TAMPA BAY (451,552) 100.00 

SAN ANTONIO (335,685) 100.00 Fla-(Ga) 100.00 
Tex. 73.51 TEXAS PANHANDLE (91,028) 100.00 
Kans. 25.35 Okla. 55.45 
Okla-(N.M.) 1.14 Tex. 32.44 

SOUTH TEXAS (1,019,045) 100.00 N.M.-(Kans) 12.11 
Tex. 89.31 UPPER FLORIDA (638,059) 100.00 
Mo. 8.05 Fla. 97.06 
Okla. 1.93 Ga. 2.94 
Nebr. .47 WESTERN COLORADO (48,567) 100.00 
(La)-(Kans)-(Ark)-(N.M.) .24 Colo. 100.00 

SOUTHEASTERN FLORIDA (731,254) 100.00 WICHITA (242,150) 100.00 
Fla. 98.23 Kans. 94.68 
Ga. 1.77 Nebr. 5.32 

1 Numbers in parentheses represent total producer deliveries in thousand pounds of milk. 
Source; Sources of milk for Federal Order Markets by State and County Agricultural JVlarketing Service,  U.S. Department of Agriculture   AMS-565 
Washington, D.C., 1976, pp. 10-11. 
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TABLE lO-A-4.    Casein and casein mixtures; Imports by country of origin, 1973-75 

Country of origin 1973 1974 1975 

Canada 
*Argentina 
*Brazil 
*Uruguay 
*Sweden 
Norway 

*Denmark 
U. Kingdom 

*Netherlands 
Ireland 

*France 
*W. Germany 
*Austria 
*Switzerland 
*Poland 
*USSR 
*Romania 
Dominican Republic 

*Belgium 
*Portugal 
Japan 
Australia 
New Zealand 

TOTAL 

Casein Casein Casein 
Casein mixtures Casein mixtures Casein mixtures. 

Pounds 

571,295 1,492,821 32,640 432,350 41,779 546,600 
10,222,714 5,728,588 176,064 7,530,298 

110,230 351,060 
559,610 87,479 
49,626 29,718 

481,900 744,460 581,440 
796,739 33,600 1,122,066 242,050 392,400 36,500 

2,016,631 968,338 1,650,972 1,311,024 482,749 175,719 
1,820,291 28,050 2,659,803 44,092 2,244,087 

11,215,077 2,385,300 4,675,142 2,651,850 5,656,709 22,000 
9,831,663 22,840,545 13,227 5,192,148 4,950 
2,484,831 20,289 5,456,617 22,046 3,432,511 34,768 

220,460 67,200 
48,488 83,274 

10,901,398 118,880 6,758,664 3,989,276 
642,299 3,757,686 

33,069 
89,242 

166,977 

3,341,839 
44,048 

1,323 
22,124,440 1,651,606 16,611,960 1,666,547 7,183,097 2,778,351 
31,234,419 151,080 32,932,425 533,245 12,757,473 1,929,696 

103,511,820 8,709,325 103,180,634 9,708,206 50,669,859 7,773,994 

*Countries not free of foot-and-mouth disease 
Source: Aeree, James A., "Importation of Casein from Foot-and-Mouth Disease Countries," Unpublished mimeograph, June 2, 1976. 
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TECHNICAL REPORT NO. 11 

AN INFORMATION SYSTEM FOR ANIMAL DISEASE EPIDEMICS 

William M. Miller^ 

INTRODUCTION 

Eradication of exotic disease epidemics has been 
the major contribution of veterinary science to agri- 
culture. Indeed, the structure of ioday's government 
veterinary service is the result ¿f a long history of 
successful campaigns. Yet a number of factors indi- 
cate the need for a review of established practices: 

1. Uncertainty about the benefits (to society) of 
extensive slaughter campaigns (e.g., economic 
impact, protein waste, public outcry). 

2. The relative infrequency of major epidemics 
(like foot-and-mouth disease) leading to a lack 
of experience and awareness among farmers, 
veterinarians, and others involved in epidemic 
control. 

3. The continuing possibility of epidemics of a 
type entirely new to the United States (e.g.. 
Swine Vesicular Disease (SVD). 

4. A general swing towards more sophisticated 
(and efficient) management in government, 
necessitating up-to-date analyses of the devel- 
oping situation to support requests for funds 
or changes in strategy. 

5. Increased complexity in the agricultural sector. 
The trend towards better-informed management 

has been seen in almost every sector of the economy 
and has resulted in the development of a wide range 
of computer-based "Management Information Sys- 
tems'* (MIS). Examples are found in stock control, 
personnel records, airline reservation systems, and 
banking. The central question is, however, that of 
cost/effectiveness. How much of our resources 
should we commit to improved information? 

The success or failure of a disease control pro- 
gram depends largely on the effectiveness of "front 
line" personnel and upon the ability of the organi- 
zation to respond quickly and appropriately to 
changing circumstances. 

In this context, proposals for MIS should be sup- 
ported only if: 

1. The system can be fully integrated into the 
disease control operation, 

2. Decisionmaking and administration are facili- 
tated, and 

^Epidemiologist, Central Veterinary Laboratory, Weybridge, England. 

3. Local and headquarters staffs are not burdened 
unnecessarily. 

OBJECTIVES 

This paper describes epidemic management in- 
formation systems that are presently under develop- 
ment in the United States and United Kingdom and 
which are intended to provide timely and flexible 
analysis of developing epidemics which should lead 
to more efficient disease control. 

BACKGROUND 

While discussing strategy alternatives in foot-and- 
mouth disease (FMD) control, it became clear that 
effective decisionmaking must depend upon an ac- 
curate, contemporary, and easily manipulated data 
base. This impression was confirmed by a visit to a 
minor hog cholera outbreak in which communica- 
tions were an obvious problem. The result was a 
prototype epidemic MIS known as EPIC (Epidemic 
Planning and Information, Computer-assisted), 
which was first demonstrated at the University of 
Minnesota in September 1975. There have been 
three subsequent developments. In the United King- 
dom, a trial system orientated towards sheep scab 
has been evaluated and a new version is currently 
under development. In the United States, an en- 
hancement of the Minnesota prototype was mounted 
on the Los Alamos Scientific Laboratory computer 
during the latter stages of the Massachusetts hog 
cholera outbreak. While plans in both countries are 
still at an early stage, working prototypes have been 
set up and the next phase will probably see a fully 
operational EPIC system. 

THE EPIC CONCEPT 

input: (See figure 11-1) 
1. Information describing various aspects of field 

operations is recorded on simple forms, suit- 
able for use with a (portable) computer termi- 
nal in the field, if necessary. 

2. Important items in the record are immediately 
entered into the data base via a terminal at the 
task  force  headquarters   or  laboratory.   The 
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paper records are then filed locally. To facili- 
tate data entry by personnel unfamiliar with 
computer operations, the system prompts the 
user, checks the input, and allows only "clean*' 
data to enter the data base. 

3. Data may be entered simultaneously from a 
number of different locations, or several ter- 
minals at the same location. 

4. Using a Data Base Management System 
(DBMS), data is stored and maintained. The 
structure of the data base is defined and up- 
dated from a Data Base Definition File (DBDF) 
or schema created at central headquarters by 
the data base manager, who should also be 
responsible for the standardization of informa- 
tion [e.g., checks for duplicate entries). 

Output; (See figure 11-2) 
1. At regular intervals, copies of the current data 

base are preserved on magnetic tape, in case of 
a mishap and to facilitate retrospective analysis 
(this is a process which can be undertaken 
automatically by the computer). 

2. The "back-end" enables users (according to 
their needs and security status) to analyze the 
data base, using a series of standard report- 
writing programs. Alternatively, the DBMS 
may be accessed directly by those wishing to 
make "unanticipated" enquiries of the data 
base (e.g., a tabulation not foreseen when the 
data base was originally set up). 

3. The fact that data are available centrally means 
that task forces can easily interrogate data orig- 
inating from another region. Indeed, much of 
the transcription and tabulation presently un- 
dertaken at the local level could be avoided. 
The central headquarters can also obtain much 
information without inconveniencing hard- 
pressed local staff. 

4. It is also possible to use the data to provide 
parameters for a simulation. It may then be 
possible to forecast the progress of an epi- 
demic, its economic and logistic consequences, 
and the likely impact of control strategies. 

There are a number of features which are vital to 
a successful EPIC system: 

1. It must be orientated toward users who are un- 
familiar with computing (i.e. clerical staff or 
veterinarians should be able to use it after 30 
minutes of training). 

2. The hardware (from a terminal to central proc- 
essor) must be operational at least 23/24 hours 
and must have an excellent record of relia- 
bility and servicing backup. 

3. The information must be as secure as possible 
from human, mechanical, and electronic failure. 

4. The system must be ñexible so that new data 
items can be easily incorporated. (This may 
mean changing input documents or the pro- 
gram during the course of an epidemic.) 

5. It must be capable of quick response to the un- 
anticipated query without resort to a profes- 
sional programmer. 

6. There must be a "data base manager" respon- 
sible for the system who can set it up at the 
beginning of an epidemic, control the data 
quality, and assist the users. 

7. The system must be accessible from possibly 
distant field headquarters via portable termi- 
nals. This probably means access to the com- 
puter via a national data communications net- 
work. Multiple, simultaneous access must also 
be possible. 

DATA-BASE MANAGEMENT SYSTEMS 

Probably the most important development in com- 
puting over the last 5 years has been the emergence 
of DBMS. They allow the computer to be used to a 
sophisticated filing and cross-referencing system. 
The system thus takes over (from the programmer) 
many of the tedious tasks previously associated with 
data manipulation. It also makes interrogation much 
more efficient. Usually little arithmetic (except per- 
haps summation) is done within a DBMS, but sta- 
tistical analyses, simulation, etc., can easily be 
linked to such systems. 

A number of "off-the-shelf" DBMS packages exist, 
which would be suitable for EPIC. System 2000^ 
has been used in the United States hog cholera 
prototype, DMS^ for sheep scab in the United 
Kingdom, and "Nomad" ^ for the current version. 
If information relating to movements of animals 
between farms is to be extensively used, DBMS 
(such as Nomad) with "relational" features are re- 
quired. However, the choice of system rests mainly 
on which package is available in the most convenient 
computer. 

These DBMS's (and there are several others) share 
the following important features: 

1. Data is stored mainly (or appears to be) as a 
"hierarchy," which represents the relationship 
between the various types of information in 
real life (this technique allows more efficient 
searching). Figure 11-3 shows an example of 
a simple hierarchy suitable for use in hog 
cholera control. Figure 11-4 shows an example 

2MR! System, Inc. of Austin, TX, 78712. 
8 In United States: G.E.C., Information Services Business Division, 401 N. 
Washington Street, Rockville, MD, 20850. In United Kingdom: Honeywell 
I.S., Ltd., NIS Division, 114-118 Southampton Row, London, WClB 5AB, 
United Kingdom. 
^National CSS, Ltd., 524 Westport Avenue, Norwalk, CT, 06851. 
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Reference Number 
Owner's Name & Address 
Date of Confirmation 
Current Status 
Census 
Garbage Feeder? 

MOVEMENTS 

Arrival/Removal 
Permit? 
Date 
Number 
Via (address) 
To/From (address) 

ACTION 

1 r 

SAMPLE 

"Items" unique 
to each farm. 

Date 
Inspection/C&D/ER 
Quarantined? 
Name of Vet/LI 

Specimen No. 
Animal ID 
Age 
Breed 
Sex 
Material 

FINDINGS 
Test Done 
Result 
Comment 

Notes: 
1. The groups of information in boxes are called "Records" 

or "Repeating Groups." The list of "Items" within each 
group is merely for example. 

2. Each farm has a unique reference number, owner's name, 
etc. but may have more than one movement associated 
with it, likewise each sample may have more than finding. 

Figure 11-3. A data-base structure suitable for hog cholera control. 
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FIELD VISIT 

222 

DISEASE 
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REGION 

TASK 
FORCE 

PREMISES 
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SICK/DEATH 
STATISTICS 

304 

ACTIVITIES 
(Not associated 
with particular 
premises) 

MOVEMENTS 

201 

LAB 
SAMPLES 

HERD CENSUS LAB TESTS 

Figure 11-4. Structure of the prototype EPIC data base (as used in University of Minnesota/System 2000 Prototypes). 
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of a more extensive one (used in the Minnesota b. Report writer.  A language  orientated to- 
prototype). wards tabulation totals, subtotals, etc., use- 

2. To inform the DBMS of the structure of a ful for some standardized reports. The ex- 
particular hierarchy, it is written as a "Data- ample in figure 11-8 was generated by a 
Base Definition File" (DBDF) or schema. Figure                  report-writing program. 
11-5 is the sheep scab DBDF, and shows the r, T .      .. . 
relationship between the records and items in ^- P^-ogram-Language    Interface.    A    means 
that data base with various options controlling whereby calls to the DBMS or parts of it 
data output ^^^ ^ "^^"® ^^°^ within a FORTRAN or 

3. Loading and updating the actual epidemic data F°^°^ programme. Such a facility is vital 
into the data base can be done either via ^°'' .'°°''^ sophisticated input or output 
"loader strings" (figure 11-6), (which requires routines. 
some knowledge of the DBMS) or through a 
purpose-built "front end," which allows the The alternative to using established DBMS soft- 
user to communicate with the data base, to ware is to write a series of programs (possibly in 
check for errors and to update the data base COBOL) suitable for the particular application. How- 
automatically. ever, this is a considerable undertaking and the pro- 

4. Information can usually be retrieved from the gramming involved may lead to expense and delay, 
data base in three ways (via the DBMS): While the final system could possibly be cheaper 
a. "Natural Query" language. Very simple pro- to use than the commercially available DBMS, it 

grams (which are, in fact interpreted by the would be less flexible and would probably require 
DBMS into a much longer program) suitable the services of an expert programmer for design, 
for easy extraction of data (see figure 11-7). maintenance, and modification. 

THE SHEEP SCAB DBDF (Mk 6) 
Figure 11-5. 

ILE = SCABFILE, UPDATE RUFFER FILE = SCABUP, PRIMELEN = 4 
RECORD = FARM, KEY = DSNUMBER, FREO = 100 

ITEM = DSNUMBER (A5), PICTURE = 'DSXX/XXX', HEAD = 'D.S.Number' 
ITEM = COUNTY (A2), HEAD = 'County' 
ITEM = PARISH (A3), HEAD = 'Parish' 
ITEM = HOLDING (A4), HEAD = 'Holding No' 
ITEM = EXPDATE (A6), PICTURE = 'XX.XX.XX', ZERO = 'Unknown', HEAD = 'Estimated Exposure' 
ITEM = CONDATE (A6), PICTURE = 'XX.XX.XX', ZERO = 'Unknown', HEAD = 'Confirmation Data' 
ITEM = ORIGIN (A2), ZERO = 'Unknown', HEAD = 'Origin of information/infection'. LIMIT = 
ITEM = FLOKSIZE (I), Zero = 'None', HEAD = 'Flock Size' 
ITEM = NUMLOTS (I), Zero = '!', HEAD = 'Number of Lots' 
ITEM = INITIALS (A), HEAD = 'Initials' 
ITEM = SURNAME (A), ZERO = 'Unknown', HEAD = 'Surname' 
ITEM = FARMNAME (A), ZERO = 'Unknown', HEAD = 'Farm Name' 
ITEM = ADDRESS (A), HEAD = 'Address' 
ITEM = TOWN (A), HEAD = 'Town' 
ITEM = POCOUNTY (A), HEAD = 'County' 
ITEM = PHONE (A), HEAD = 'Phone No' 
ITEM = OADDRESS (A), ZERO = 'as above', HEAD = 'Owners address if not as above' 
ITEM = FARMCMT (A,) HEAD = 'Comments' 

RECORD = TRCE, KEY = DIRECTN + DATE + PREMNO + TRCENO, PARENT = FARM 
FREO = 10 

ITEM = DIRECTN (Al), LIMIT = (F, B), HEAD = 'Direction' 
ITEM = DATE (A6), PICTURE = 'XX.XX.XX' ZERO = 'Unknown' HEAD = 'Date' 
ITEM = PREMNO (AS), PICTURE = 'DSXX/XXX', ZERO = 'Unknown', HEAD = 'Premises' 
ITEM = TRCENO (Al), HEAD = 'No.' 
I^EM = NUMBER (A4), ZERO = 'Unknown', HEAD = 'Number of sheep' 
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ITEM = VIA (Al), HEAD = 'Via' 
ITEM = VIANAME (A), HEAD = 'Via Market/Haulier etc' 
ITEM = PREMNAME (A), ZERO = 'Unknown', HEAD = 'Premises Name & Address' 

RECORD = ACT, KEY = ACTDATE + ACTNO, PARENT = FARM, FREO = 10 
ITEM = ACTDATE (A6), PICTURE = 'XX.XX.XX', HEAD = 'Date' 
ITEM = ACTNO (Al), HEAD = 'No.' 
ITEM = REASON (A2), LIMIT = (RC, FV, MT, DP, TL, OT), HEAD = 'Reason' 
ITEM NOTEDATE (A6), PICTURE = 'XX.XX.XX', ZERO = 'Not applicable', HEAD = 'Notification' 
ITEM = FORMSERV (Al), ZERO = 'None', HEAD = 'Form Served' 
ITEM = TOTAL (B18), HEAD = 'Total sheep' 
ITEM = INSPECT (B18), HEAD = 'Inspected' 
ITEM = EXAMINED (B18), HEAD = 'Examined' 
ITEM = INFECTED (BIB), HEAD = 'Infected' 
ITEM = GRADE (A4), HEAD = 'Grade' 
ITEM = NAME (A), HEAD = 'Name' 

RECORD = ACMT, KEY = ALNO, PARENT = ACT, FREO = 1 
ITEM = ALNO (B9) 
ITEM = ATEXT (A) 

RECORD = LAB, KEY = LABDATE + LABNO, PARENT = FARM, FREO = 1 
ITEM = LABDATE (A6), PICTURE = 'XX.XX.XX' 
ITEM = LABNO (Al) 
ITEM = NUMSUB (B9) 
ITEM = NUMTEST (B9) 
ITEM = NUMPOS (BQ) 
ITEM = LABNAME (A) 

RECORD = LCMT, KEY = LLNO, PARENT = LAB, FREO = 1 
ITEM = LLNO (BQ) 
ITEM = LTEXT (A) 

ILE = CODEFILE, UPDATE BUFFER FILE = CODEUP, PRIMELEN = 4 
RECORD = CODE, KEY = TYPE + ABRV, FREO = 25 

ITEM = TYPE (Al), HEAD 'Code type' 
ITEM = ABRV (a2), HEAD = 'Abbreviation' 
ITEM = FULL (A), HEAD = 'Full description' 

NOTES 

» This is a DBDF for the DMS system. 
' Each record must have a unique key (e.g. DS number). 
» The anticipated frequency of each record is slated as "Freq = 100," but if this number is exceeded, the DBMS will allow for overflow up to a certain 
extent, then it will expand the data-base automatically. 
« The "picture" statement controls the output so that a DS number of 76,006 will always be printed "DS76/006." 
5 "Zero = unknown" will ensure that a zero value will always be output as "unknown." 
• "HEAD = Number of Lots" means that an easily-read heading will always be output during a retrieval. 
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LOADER STRINGS 
Figure 11-6. 

FARM,75020,„,750819,751029,RC,300,1,A.J., & SON LTD, FM„ASCOTT UNDER WYCHWOOD.OXON, 
SHIPTON-U-WYCHWOOD-830307,,, 

TRCE,B,750801,99091„25,M,BICESTER MKTJ.W.PICKFORD-ASHGROVE FARM-ARDLEY-OXON, 
TRCE,B,750819,99092„40,M,BANBURY MKT PENS 28/9,L.TUBMAN-FLYFORD FRAVELL-WORCS, 
TRCE,F,750807,99093„35,M,BANBURY MKT„ 
TRCE.F,750807,99094„30,M,BANBURY MKT LOTS 236/7,D.CLAY 
TRCE,B,750819,99095,„V,FERRIS SHIPTON-U-WYCHWOOD,COLSON-SHILTON-OXON, 
TRCE,B,750801,99096.,50,V„J.S.A.WOOD-WEIGHTS FARM-REDDITCH, 
TRCE,B,750801,99097„36,V„GRIFFITHS-THE GRANGE-MILTON-NHANTS, 
TRCE,F,750807,99098„14,M,BANBURY MKT LOT 572,FAULKNER, 
TRCE,F,750807,99099„21,M,BANBURY MKT LOTS 573/564,GRIFFITHS(SLAUGHTRE), 
TRCE,B,750801,99100,„V,FERRIS SHIPTON-U-WYCHWOOD,HONOUR EASTLEACH LTD-MANOR FM- 

EASTLEACH-GLOS, 
TRCE,B,750801,99101„200,M,BICESTER MKT.H.WILSON-BARNDOWN FM-SHEFFORD WOODLAND- 

BERKS, 
TRCE,B,750915,99102,40,P,WILSON SHEFFORD WOODLAND BERKS,RICHARDSON-SOUTHROP- 

GLOS, 
TRCE,B,750915,99103„40,P,WILSON SHEFFORD WOODLAND  BERKS,PORTER-CLARE PARK FM- 

CRONDALL-SURREY, 
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AN EXAMPLE OF AN INTERROGATION USING A 'NATURAL' QUERY LANGUAGE 

Figure 11-7. 

09/13/76 FLOKS 21:30 
10   USE COMP6 

FOR ALL FARM 
HAVING FLOKSIZE GT 300 
PRINT SURNAME.POCOUNTY, 
BY FLOKSIZE 
GO 

20 
30 
40 
50 
60 

READY 

/DMS*** 

21:30 09/13/76 

COMMENTS: 
The user entered this program from a 
terminal: 
10 Names the data base; 
20 Selects all farms with confirmed 

sheep scab; 

30 
40 Print in order of flock size, the 

surname and county 
50 Flocksize 
60 End of program. 

COMPILE AND RUN 
REPLY INDICATES THAT THE 

PROGRAM HAS BEEN ACCEPTED 
BY THE DBMS. 

18 OUTPUT RECORDS WRITTEN 

FLOCK SIZE SURNAME COUNTY 
332 KIDDINGTON ESTATES OXON 
341 PRENTICE GLOS. 
350 ALBUTT. GLOS. 
364 LATHAM BUCKS 
400 PEARCE BUCKS 

FOUNTAIN BUCKS 
406 ADAMS OXON 
509 SAMUELS & SON GWENT 

WEALE OXON 
519 GOODMAN GLOS. 
639 JONES OXON 
800 BEATON AND SONS HERTS 
857 PICKFORD OXON 

PICKFORD OXON 
900 FORSYTH(MGR.) GLOS. 

1107 GRIFFITHS NHANTS 
GRIFFITHS NORTHANTS 

1500 RICHARDS HERE. & WORCS, 

MISSING DATA FOR THREE FARMS 

THIS RETRIEVAL COST LESS THAN $2 
AND TOOK ONE MINUTE! 

READY 
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Figure 11-8. 

REPORT WRITER EXAMPLE 

HERD STATUS ANALYSIS 
DAILY ANALYSIS FOR AUG 26, 1975 

RUN DATE    SEP 18, 1975 

DISEASE .. (FM) FOOT AND MOUTH DISEASE 
OUTBREAK . . (01) ALEXANDRIA 
REGION .. (1) NORTHERN 
TASK FORCE .. (01) ALEXANDRIA 

***DIAGNOSTIC STATUS*** 
POSITIVE 
EXPOSED 
NEGATIVE 
PENDING 

TOTAL 

DATE AUG 25, 1975 

FOR DAY CUMULATIVE 

HERDS ANIMALS* HERDS ANIMALS* 

1 
0 
0 
0 

741 2 
0 
0 
0 

1316 

945 

741 2261 

***DEPOPULATION AND APPRAISALS*** 
APPRAISALS COMPLETED 1 
DEPOPULATIONS COMPLETED 1 
AVERAGE TIME (DAYS) 

DIAGNOSIS TO DEPOP 1.00 

741 
741 

2 
2 

2.50 

1316 
1316 

***C AND D*** 
PENDING 
COMPLETE 

***UNDER QUARANTINE* 

0 

0 

1 
1 

575 
741 

3302 

***PAYMENTS*** 
INDEMNITY PAID 741 1316 

AMOUNT PAID 

AVERAGE 

$41500.40 $95320.40 

$41500.40 $56.01 $47660.20 $72.43 

*ONLY SUSCEPTIBLE ANIMALS COUNTED 
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SECURITY 

In addition to the features mentioned above, the 
DBMS (together with the computer network) should 
contain elaborate precautions against: 

1. Bad data. Data may be incorrectly entered or 
"corrupted" during transmission. The front end 
of the DBMS must be programmed to check 
input for: 

—Format (correct number and order of 
items) ; 

—Type (numerical or alpha-numeric) ; 
—Limit (within a specified range or list) ; 
—Consistency (with items already on the 

data base). 
It is essential that data be checked before 

updating and that the user be notified of errors 
immediately. In other words, there must be an 
opportunity to correct errors before they com- 
prise the data base. 

2. Accidental erasure. It is impossible to prevent 
the chance of erasure completely. Whenever 
updating is done, accidental erasure is also a 
risk. However, a good "front-end" should pre- 
vent inexperienced users from inadvertently 
deleting information and if the entire data base 
is preserved each day, at the worst only 1 day's 
entries could be lost. It is vital, however, that 
a traditional "paper system" should exist to 
preserve information in the extremely unlikely 
event of a disaster. 

3. Confidentiality. There is a worldwide concern 
about the potential security risk presented by 
computer data bases. Epidemic data could be 
a problem, but if banks and international cor- 
porations are prepared to accept the risk, it 
would seem acceptable for epidemic data. 
There are a variety of safeguards built into any 
multiaccess system and these can be further 
enhanced within an EPIC system. In any event, 
computer data bases are almost always more 
secure than traditional systems, in that illegal 
access requires knowledge of user number, 
passwords, and system procedures. 

HARDWARE ASPECTS 

In the United Kingdom version of EPIC, a com- 
mercial time-sharing bureau which is linked to an 
international network was used.^ The DBMS avail- 
able on this system is "DMS." 

The sheep scab data were entered at a teletype 
terminal. It is important in data base work to have 
access to 30 characters/second (300 baud) equip- 

6 "Mark   3,"   Honeywell   Í.S.,  Ltd.,   114-118   Southampton   Row,   London 
WBIC 5AB, United Kingdom. 

ment. Paper tapes were prepared off-line and the 
data were then entered on-line in the "loader 
string" format (as in figure 11-6). This operation 
requires only a slight knowledge of the system, 
which can easily be learned and this technique is 
generally less expensive than in an interactive front 
end. A 30 cps portable terminal^ was used for de- 
velopment and demonstrations, via a standard tele- 
phone handset. 

An operational EPIC system demands reasonably 
portable input devices, although fixed equipment 
could be hired in a lengthy campaign. The market 
for this equipment is rapidly expanding and such 
terminals are available for as little as $1,995.00, 
weighing only 13 pounds.*^ 

The problems with the use of portable equipment 
on public telephone lines, in the epidemic situation, 
are: 

1. "Line noise," which may corrupt the signal, 
2. Interruption,   leading   to   disconnection   from 

the computer, 
3. Competition with other telephone users,  es- 

pecially where facilities are limited. 

However, recent developments in micro-process- 
ing have made possible "intelligent" portable ter- 
minals, independently capable of checking data, 
compressing it, and ensuring error-free transmission 
by an "echo-check." Data-communications is fast 
expanding as a field and such equipment will not be 
expensive. In the United States system, use was 
made of a "forms fiUout" technique in which a video 
display is used to show a form on the screen. The 
user completes the "form" with simultaneous error 
checking, although "forms fiUout" enables more 
efficient input and error checking, and would be 
desirable in any well established operation. In first 
instance, portable teletype terminals have the ad- 
vantage of availability, cheapness, and need no 
special programming. 

Until recently, DBMS were available only on the 
largest computers, but in the last year they have 
become available on mini-computers. Indeed, 
USDA's Emergency Programs has studied the possi- 
bility of implementing an EPIC system on a mini- 
computer, (1) ^ so a new possibility in epidemic MIS 
is whether (or when) one should consider purchase 
of a mini-computer system. The main issues are as 
follows: 

1. Will a mini-computer reduce the cost of proc- 
essing? There is obviously a break-even point 

«"Model 305," Transdata, Ltd., Havant, Hampshire, United Kingdom. 
7 "Silent  700,"  Texas  Instruments,  P. O.   Box  144,  Houston, TX,   77001, 
United States. 
^Italic numbers in parenthesis  are references  cited in  the  bibliography 
of this report. 
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(which can be calculated) when the mini- 
computer becomes cheaper than a time-sharing 
network. However, DBMS are only available 
on the largest minis and more sophisticated 
(and expensive) programmer support is re- 
quired. In addition, maintenance, telephone 
equipment, etc., can add considerably to the 
costs. Probably, in the initial stages at least, it 
is best to develop an EPIC system as a series 
of prototypes, using a time-sharing bureau. The 
DBMS available there are extremely powerful 
and easily modified. The intermittent nature of 
epidemics also favors a system which costs 
very little when idle. 

It would seem prudent to use such systems 
(provided that they are effective) until the 
break-even point is approached, and then (with 
a well-tried system) to change over to a mini- 
computer. 

2. Do mini-computers provide as reliable a sys- 
tem as the available networks? This may be a 
crucial question, for an unreliable EPIC system 
would be worse than none at all. 

3. .What is the short-term future for MIS software 
and the hardward capable of supporting it? 
Without doubt, data-communications and mini- 
computers are still at the beginning of a period 
of rapid development. Certainly, today's equip- 
ment will soon be obsolete. 

INFORMATION NEEDS 

An efficient information system at the local level 
is essential to successful disease control. While it is 
inevitable that there will be some panic during the 
first few days of an outbieak (which could be 
crucial in FMD), it is vital that the information 
needs of the various task force members be identi- 
fied as far as possible and plans made. It is only 
by this means that one can assess the analyses re- 
quired, thus the input needed and the form design, 
filing procedures, administration, etc. 

Traditional techniques involve extensive tran- 
scription, hand tabulation, and summary which are 
laborious and error prone. In addition, veterinary 
skills can be wasted. An EPIC system would enable 
all necessary tabulations to be made from one cen- 
tral set of data. As the popular analyses fall into 
a number of similar groups, it is possible to write 
a "back-end" routine to give the nonprogrammer 
access to a wide range of tabulations. Figure 11-9 
shows the options available on the sheep scab data 
base; further options could be added easily during 
an epidemic. Figure 11-10 shows an example of 
output. 

The "natural query" language referred to earlier 
can be easily learned (DMS in 1 day!) and gives the 
user the opportunity to specify a wide variety of 
searches. Such a facility should ease the task force 
epidemiologist's task and allow a more thorough 
examination of the data. 
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OPTIONS AVAILABLE ON THE 'BACK-END' OF THE SHEEP SCAB MIS. 

Figure 11-9. 

RUN SCAB 

SCAB 21:32 09/13/76 

WELCOME TO THE SHEEP SCAB DATA BASE ON 09/13/76 
THE FOLLOWING STANDARD PROGRAMS ARE AVAILABLE 

UNDER THE EPIC SYSTEM WRITTEN BY THE 
EPIDEMIOLOGY UNIT CVL FOR MAFF 

SELECT ONE OF THE FOLLOWING: 
(OTHER CUSTOM-MADE PROGRAMS CAN EASILY BE WRITTEN. IF NEED BE) 

(W) INDICATES PROGRAMS INTENDED FOR WIDE PAPER TERMINALS 
FOR COMPLETE LISTINGS OF OUTBREAKS — BY COUNTY     TYPE 1    (W) 

— SURNAME     TYPE 2    (W) 
— DS NUMBER     TYPE 3 

SELECTED LISTING OF — OUTBREAKS BY TIME PERIOD    TYPE 4 
— MARKET CONTACTS SPECIFIED BY 

COUNTY AND TIME PERIOD  TYPE 5 
— PREMISES SPECIFIED BY SURNAME  TYPE 6 

FOR A PARTICULAR FARM'S — FARM REPORT      TYPE 10 
— MOVEMENTS TRACINGS REPORTS    TYPE 11 
— ACTIVITY REPORTS       TYPE 12 

FOR COPIES OF — FARM REPORT FORM     TYPE 20 
— MOVEMENTS TRACING FORMS      TYPE 21 
— ACTIVITY REPORT FORMS     TYPE 22 

DO YOU HAVE SECURITY CLEARANCE FOR UNLIMITED ACCESS TO THE DATABASE7N0 
PLEASE ANSWER YES OR NO?NO 

WHICH PROGRAMÎ20 

**PROGRAM NO. 20 SELECTED ** 

NOTE: If the user answers "yes" in the security question, an additional password is requested be/ore full access is allowed. 
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A 'BACK-END' RUN 
Figure 11-10. 

** SORTING BY SURNAME ** 
(REMEMBER THAT (A+BLANK) COMES BEFORE (AA)) 
EXTRACTED ON    76/08/12 
FROM SURNAME    ?SM 
TO SURNAME    ?SN 
FOR CONFIRMED CASES ONLY.ENTER 99000,FOR ALL REPORTS ENTER 99999    Î99000 

7 OUTPUT RECORDS WRITTEN 
ALIGN FORM AND HIT CARRIAGE RETURN 

— 1- 

CASES OF SHEEP SCAB 
BY SURNAME OF OWNER 

SURNAME D.S.NUMBER FARM NAME COUNTY 

S DS75/030 WINNICK WARREN NORTHANTS 

S & SON DS76/004 
DS76/037 
DS75/021 

GRA'GE FARM 
LANCIN FARM 
BROOM HILL 

OXON 
SOMERSET 
BORDERS REGION 

S & SONS DS75/024 
DS75/069 
DS76/047 

LENNEL HILL 
FOGORIG 
PRIESTDYK 

BORDERS REGION 
BORDERS REGION 
DUMFRIES & GALLOWAY 

NOTE; This laciUty is useful if one is searching for a possible contact whose address is not known.  The total data-base can be searched. 

FORM DESIGN 

The philosophy and psychology of form design 
are beyond the scope of this paper, but in the light 
of experience, the following points are made: 

1. Forms should reflect the structure of the data 
(and consequently the data base). So in the 
hog cholera example (ñgure 11-3], one would 
suggest: 

—A farm form. 
—A movements form or forms for each farm, 
—An action form or forms for each farm, etc. 

This allows any number of movements to be 
linked to one farm. 

2. The form should be completed on the farm, 
where possible. Delay causes errors. 

3. It should allow narrative comment, which need 
not necessarily enter the data base. 

It should be as simple (and reassuring] as pos- 
sible. The key to any codes should appear on 
the farm. Often there are changes in records 
required during the epidemic, so forms (and 
the DBMS] should be flexible enough to allow 
changes. 
It may be useful to make computer-generated 
copies of forms available through the EPIC 
system. They can then be edited centrally and 
made available to all task forces. Figure 11-11 
shows an example. 
A basic (general-use] form should be kept in 
readiness for epidemics. Its format should be 
agreed to nationally and supplies should be 
available locally. However, no single form will 
suffice for all epidemic circumstances and con- 
stant revision of forms during the successive 
phases of the control operation is to be ex- 
pected (and encouraged]. 
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Figure 11-11. 

1. D. S. Number 

2. County No. 

3. Parish No. 

4. Holding No. 

5. Exposure Date 

6. Confirmation Date 

7. Origin (Code) 

8. Size of Flock 

9. Number of Lots 

10. Owners Initials 

11. Owners Surname 

12. Name of Farm 

13. Address 

14. Town 

15. County 

16. Phone No. 

17. Owners Address & Phone No. 

(if not above) 

A FARM REPORT 

75/ 

()  () 

()()()() 

This can be obtained from 

the local divisional 

office. 

18.    Comments 

RC = Report Case 

MT = Market Case 

PT  = Patrol 

OT = Other 

SUMMARY AND CONCLUSIONS 

The use of DBMS in epidemic control is a new 
and exciting prospect. Probably the only related 
work is that of the Indian Alfalfa pest and produc- 
tion information system. (2) It seems likely that an 
EPIC system (CARIS, Computer-aided READEO 
Information System) will be implemented in the 
United States and its use is under examination in 
the United Kingdom. Fortunately, it has been possi- 
ble to share experience and this has accelerated 
development. This paper concentrates on the cen- 
tral issue of farm-related information (i.e., details 
of the control operation). However, there is much 
other data which could be made available on the 

computer during an epidemic. Examples are the 
personnel and equipment records, financial data, 
and the "county profile" (a list of slaughterhouses, 
meat processing plants, etc.). 

REFERENCES 
(1) Anonymous. 

1976. Pilot for emergency programs data ac- 
quisition system. A MID (USDA) internal 
report to Dr. Sharman, February 26. 

(2) Hintz. 
1976. A combined plant-pest simulation 

model for optimizing alfalfa management. 
Proc. 7th Ann. Alfalfa Symposium. Indian- 
apolis, Ind., March 30-31. 
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TECHNICAL REPORT NO. 12 

INDEMNIFICATION UNDER ANIMAL DISEASE CONTROL PROGRAMS 
WITH SPECIAL EMPHASIS ON FOOT-AND-MOUTH DISEASE 

Nasser A. Aulaqi and W. B. Sundquist^ 

PERSPECTIVE 

A primary objective of the Federal indemnification 
program for livestock and poultry (section 2d. of 
PL 87-518, 87th Congress, effective July 2, 1962) is 
to promote successful control and eradication of 
exotic animal diseases, if and when such diseases 
are introduced into the United States, by establish- 
ing indemnity payments to producers that are ade- 
quate and fair. Evidence shows that payment of 
fair and adequate indemnities encourages the co- 
operation of producers in the control and eradica- 
tion of animal diseases. 

The methods by which indemnities are estab- 
lished, or at least the level of the indemnity pay- 
ments, must be amenable to revision (if necessary) 
during the course of the eradication program in 
order to keep pace with changing price and market 
conditions. The latter may result both because of 
the presence of disease and/or because of other 
factors. 

During the Exotic Newcastle disease outbreak in 
California in 1972-73, considerable time, effort, 
and money were devoted to determining acceptable 
and fair indemnities for condemned poultry flocks 
that were destroyed under the eradication program. 
With this in mind, the Animal and Plant Health 
Inspection Service (APHIS) of the U.S. Department 
of Agriculture (USDA) contracted with the Uni- 
versity of Minnesota to conduct a general study of 
the economics of exotic disease control programs 
with special emphasis on foot-and-mouth disease. 
The development of guidelines to provide equitable 
indemnities for depopulated livestock was among 
the several objectives of the research study. These 
guidelines are presented in this report. 

1 Assistant Professor and Professor, respectively, Department of Agricul- 
tural and Applied Economics, University of JVlinnesota. The authors 
acknowledge the assistance provided by many individuals during the 
development of this report. They particularly acknowledge the advice 
and helpful suggestions of Dr. Hunt McCauley, College of Veterinary 
Medicine, University of Minnesota; Mr. Leo Gray, Director of the Plan- 
ning and Evaluation Staff of the Animal and Plant Health Inspection 
Service [APHIS], USDA, Washington, D.C.; Dr. Bill Miller, Weybridge, 
England; Dr. Victor Beal, Statistician, APHIS, USDA; Mr. George E. 
Frick, Economic Research Service, USDA (stationed at Durham, New 
Hampshire); and Professors Kenneth E. Egertson and Kenneth Thomas of 
the Department of Agricultural and Applied Economics, University of 
Minnesota. 

INTRODUCTION AND SCOPE OF STUDY 

In previous outbreaks of foot-and-mouth disease 
(FMD) in the United States, a "stamping-out policy" 
has always been followed in eradicating the disease. 
This policy has basically consisted of the following 
measures: 

(1) Strict quarantine of infected areas, 
(2) Slaughter and disposal of animals and ma- 

terials on infected premises, 
(3) Cleaning and disinfection of infected prem- 

ises, and 
(4) Payment of indemnity for animals and prod- 

ucts destroyed. 
This stamping-out policy has been successful in 

the past in controlling and eradicating FMD epi- 
demics in the United States and it is expected that 
such a policy will be adopted again (at least in the 
initial stages of the epidemic) should a new FMD 
outbreak occur in the United States. 

A key element of the stamping-out policy is the 
payment of indemnities. Almost everyone agrees 
that payment of direct indemnities to producers for 
destruction of animals, animal products, and ma- 
terials is a critical element in the operation of an 
effective FMD control program. There is not, how- 
ever, universal agreement on the extent to which 
indemnity payments should be made (coverage) or 
on the formula (method) for arriving at payment 
rates. 

The central objective of this report is to review 
the current indemnity program for FMD and similar 
exotic diseases of livestock and to provide a set 
of guidelines for equitable and uniform systems 
of indemnification for use in future eradication 
programs. 

We believe that development of a detailed set 
of guidelines for determining indemnity payments 
prior to the outbreak of FMD will ease substan- 
tially the job of determining appropriate indemnifi- 
cation procedures and rates under conditions of an 
actual outbreak. Moreover, if such guidelines can 
be developed, discussed, and broadly disseminated 
prior to the existence of FMD, they are more likely 
to be accepted than if developed on an ad hoc 
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basis under the pressure and chaos associated with 
an actual outbreak of the disease. And, the required 
data and analytical procedures needed to service 
action programs can only be provided for adequately 
if the guidelines are known in advance. 

CRITERIA FOR EVALUATION OF 
ALTERNATIVE INDEMNITY PROCEDURES 

The following criteria were considered to be im- 
portant in evaluating indemnification programs: 

(1) Effectiveness in obtaining the full cooperation 
of the livestock industry in disease control 
and eradication programs. This criterion can 
only be soundly tested in an "ex post" con- 
text which is, of course, too late to deal with 
an actual outbreak of FMD. Thus, we need to 
draw on historical indemnity payment levels 
(and associated price relationships) which did 
result in obtaining adequate cooperation from 
the livestock industry. Previous livestock epi- 
demics in Great Britain and the United States 
provide the most useful insights into such situ- 
ations. However, current market prices for 
livestock and livestock products at the time 
of an outbreak provide the single most im- 
portant reference base for establishing satis- 
factory indemnity payment schedules. 

(2) The program needs to be administratively 
feasible. Excessive complexity in procedures 
for determining payment levels or in making 
payments can render the program nonfunc- 
tional. Thus, guidelines for payment levels 
need to be simple, specific, and easily ad- 
ministered. 

(3) Payment rates and procedures need to be 
implementable within required time limits. 
Both the effectiveness of the control program 
and the goodwill of the livestock industry 
require timely implementation of the indem- 
nity program. 

(4) The program should be economically sound 
in terms of appropriate cost minimization 
criteria. For example, indemnity payments 
should not be so high as to produce windfall 
profits for owners or to induce deliberate 
infection of herds. Also, taxpayers should 
not be subjected to control program costs in 
excess of those required to make the program 
effective. 

(5) The program needs to be socially and politi- 
cally acceptable. This means generally that 
there can be no excessive ''windfall gains" to 
participants nor can payments be so low as 

to incite the opposition of producer groups 
and politicians. 

(6) The program should be ñexible enough so as 
to allow for future modification as the situa- 
tion warrants. For example, payments should 
not be rigidly set once and for all but must, 
of necessity, be related to economic condi- 
tions at the time of implementation. 

FINANCING OF INDEMNITY PAYMENTS 

Because of the externalities^ involved in the 
benefit and costs of FMD control programs, govern- 
ments in many countries, particularly those which 
use a slaughter policy, have seen fit to intervene 
on behalf of consumers and producers alike to 
control such disease. Moreover, countries which 
use the policy of eradication have typically paid for 
all control and eradication measures including in- 
demnities to producers whose stock or products 
were destroyed.^ 

In the United States, the basis of indemnification 
for animals and products destroyed in order to 
eradicate FMD is authorized under section 2d. of 
PL 87-518, 87th Congress, effective July 1962. The 
law states: "Appraisal of animals shall be based 
on the fair market value and shall be determined 
by the meat, egg production, dairy or breeding 
value of such animals." The law further states that, 
"animals may be appraised in groups providing that 
where appraisal is by the head each animal in the 
group is the same value per pound." 

Basis for Public Financing 

Indemnification payments are considered to be 
a necessary component of any effective control 
program to eradicate and/or contain FMD. Without 
such payments the livestock industry will find no 
strong incentive for cooperating adequately to make 
control programs work successfully.^ Moreover, 
political pressure from the industry will encour- 
age the Federal Government to make indemnity 
payments. 

2 To illustrate the externality concept, let us assume that a farmer decides 
to control FMD by himself in the absence of government intervention to 
control the disease. Such action by the farmer will confer an external 
benefit to his neighbors in the form of reduced hazard of getting the 
disease. The farmer will not, however, receive a reward for protecting 
his neighbors. On the other hand, a farmer's failure to control FMD on 
his farm will impose additional hazards (costs) on his neighbors. Thus, 
in the absence of government intervention there is a divergence between 
social and private costs. 
'^For more detail on FMD control policies of other countries, see Report 
of the Committee of Inquiry of Foot-and-Mouth Disease, Part 2, London, 
1968. 
*A review of literature relating to the 1924 FMD epidemic in California, 
the 1967-68 FMD epidemic in Great Britain, the 1972 outbreak of New- 
castle disease in California, and many other epidemics of exotic diseases 
has verified time and time again the critical need for making indemnity 
payments in order to operate an effective disease control program. 
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As indicated earlier, the United States has, in 
the past, used the most stringent measures to 
combat FMD epidemics. These measures included 
direct slaughter of affected and exposed susceptible 
livestock. The use of such measures in the future 
will, as in the past, surely entail compensation for 
producers. And, the justification for such compen- 
sation is well estabhshed in precedent and in 
legislation. 

Another objective rationale for justifying in- 
demnity payments is that of protecting the entire 
livestock industry, related industries, and consumers 
from severe economic consequences which could 
result if financial incentives were not available for 
the livestock sector to restock and rebuild follow- 
ing the destruction of basic breeding herds and 
inventories of livestock and livestock products. 
And, because the supply and demand for livestock 
products is relatively inelastic, the major portion 
of benefits from FMD control will normally be 
passed on to consumers in the form of lower retail 
prices. 

We have estimated in Technical Report No. 5 and 
elsewhere that the costs to consumers of endemic 
FMD in the U.S. would run into the billions of 
dollars. (4) ^ 

In summary then, it can be generally concluded 
that payment of indemnities by government is 
justifiable on the bases of equitable treatment for 
producers and favorable cost-benefit relationships 
for consumers. 

ELIGIBILITY FOR INDEMNIFICATION 

In many countries where eradication measures 
are used to control FMD, indemnities are paid to 
cover only livestock and other materials destroyed 
by the government as part of the eradication pro- 
gram. The cost of cleaning and disinfecting infected 
and exposed premises is also borne by the govern- 
ment in at least two countries, the United States 
and Great Britain. The reader is referred to appen- 
dix A for further details on indemnification pro- 
cedures in other countries. 

In the United States, the current legislation on 
indemnity for FMD does not cover any costs other 
than livestock and materials directly destroyed. It 
is well documented, however, that economic losses 
may extend beyond infected and exposed premises.^' 
As a result of restrictions on movement of animals, 
meat, and other related products, substantial losses 

^Italic numbers in parentheses refer to References cited at end of report. 

® Numerous reports document the impact on "secondary" or "conse- 
quential" losses due to FMD epidemics. See C.C. Plenn, The Economic 
Effects of Foot-and-Mouth Disease in California, 1924, Unpublished Re- 
port; and Report of the Committee of Inquiry of Foot-and-Mouth Disease, 
Part 2, Condon, I960. 

(costs) may be sustained by producers, packers, and 
agribusiness sectors such as the manufactured feed 
industry, and the like. In fact, these indirect or 
consequential losses may extend to all segments of 
society, but it would be very difficult, if not impos- 
sible, to clearly define and quantify all of these 
losses.''' 

Some argue that indemnity payments should be 
extended to cover consequential losses, but as 
indicated in the previous paragraph, these losses 
are almost impossible to identify, let alone quantify, 
for all the classes of people who may claim these 
losses. Moreover, the overall impact of consequen- 
tial losses is not unlike those resulting from fluctua- 
tions in the value of livestock and livestock products 
due to weather, high feed prices, etc. And, conse- 
quential losses of the latter type are not indemnified. 

While we believe that direct indemnity payments 
should be limited to those whose livestock and/or 
other products are destroyed as part of the eradica- 
tion program, we recognize that other producers and 
firms may suffer real economic losses for which 
they may be entitled to some form of compensation. 
It is our suggestion that in cases where conse- 
quential losses represent severe economic hard- 
ships, those hardships should be alleviated via 
utilization of such policies as low cost loans, liberal 
tax writeoffs, special unemployment compensation 
authorizations, etc.^ 

ALTERNATIVE APPRAISAL METHODS FOR 
INDEMNIFICATION 

There are numerous procedures for appraisal of 
livestock but most of the methods fall into two 
broad classifications: 

(1) Market Value Method 
(2) Productivity Method. 
It should be pointed out that in reality only one 

unique price does exist and that is the market value. 
Any other valuation of resource inputs or outputs 

"^ A review of the literature regarding previous FMD epidemics, particu- 
larly those in California in 1924 and in Great Britain in 1967-68, suggests 
the difficulty of isolating Josses and providing an equitable basis for 
compensation. The committee of inquiry for the FMD epidemic in Great 
Britain concluded under a section in their report on "Consequential 
Losses" that marketing disruptions, unemployment of workers, etc., 
caused service problems but found indemnification for these losses to be 
impractical. Plenn's study in California indicates the chief losses from 
the 1924 FMD epidemic were in the form of losses of prospective profits 
which could not be accurately estimated and which included, for exam- 
ple, losses in tourism because of the scare of FMD. 
s A report by G. E. Frick (APHIS - RIEN Exercise, February 1975, Un- 
published Report) outlined a procedure for estimating indemnities for 
income loss due to down time of producers. This procedure appears to 
us to be excessively complex and costly and, furthermore, may result in 
gross inequities. A simpler procedure would be to declare FMD-infected 
areas as "disaster areas" and permit the granting of low-cost loans 
and/or other programs to alleviate hardship. The latter procedure would, 
moreover, be consistent with procedures used for assisting producers who 
encounter natural disasters such as floods, tornados, etc. 
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is based on some estimate of future expectations (7). 
Moreover, the market value method is normally 
based on the competitive decisions of many buyers 
and sellers at a given time and in a given place 
whereas the productivity method must be based 
on the estimate of an individual appraiser, banker, 
producer, and similar persons, (or, at most, a small 
number of such individuals). These two basic meth- 
ods of appraisal will be evaluated below and the 
advantages and disadvantages of each method will 
be discussed. 

Market Value Method 

The market value method can be further sub- 
divided into the following: 

(1) Current Market Price.—Legislation currently 
in effect calls for compensation for destroyed 
animals, animal products, and materials on 
the basis of **fair market value." The term 
"fair market value" is not clearly defined but 
presumably it refers to the price which 
is determined by the interplay of the forces 
of demand and supply in a given market at 
a specified time and place. 

The "current market price" can be used 
effectively as an indemnification basis for 
livestock animals or products for which there 
is a regular price quotation at a recognized 
market. Livestock normally marketed for 
slaughter or further fattening fit into this 
category. These animals are regularly traded 
at terminal and auction markets throughout 
the United States. The quoted market price is 
a gross value which includes marketing costs.^ 
To obtain the market value at the farm for a 
particular product the marketing costs may be 
subtracted from the gross market value. 

The current market price method is simple 
and thus can be easily applied provided that 
a correct interpretation of market quotations 
for different grades of animals and products 
is made. It is essential that the grade or class 
of livestock be correctly determined; other- 
wise the estimated farm price will be either 
too low or too high as compared to the as- 
sumed grade in the market. The current value 
or price method is also assumed to be equi- 
table and fair because the price is determined 
in a competitive setting where the final price 
of a product is determined by the actions of 
many sellers and buyers. There are, however, 
certain   situations   where   the   market   price 

® Marketing costs include transportation costs, commission charges, yard- 
age fees, transit, and market insurance. 

method as such cannot be used. These situa- 
tions are discussed below. 

Under ordinary circumstances where only 
minor epidemics occur, the above method of 
appraisal may be adequate for determining 
equitable indemnity payments.^^ Howevqr, 
when a major epidemic occurs the use of the 
current market price as defined in the code 
of Federal Regulations (Part 53, Title 9] may 
not be feasible because of the closure of 
livestock markets and, therefore, the elimina- 
tion of any readily ascertainable market in 
which prices can be measured. It is realized 
that such a situation may never occur in the 
United States, but we should have enough 
flexibility in the indemnity guidelines to 
allow for these extraordinary circumstances. 
A proposed method for evaluating livestock 
under epidemics which necessitate the closure 
of markets for long periods of time is de- 
scribed in appendix B. Later sections of this 
report provide more details with respect to 
the use of the market value and a complete 
listing of markets and market news offices 
where relevant price data can be obtained 
to appraise livestock. 

(2) Local Market Price.—This method of appraisal 
is basically the same as the method described 
above except it is more narrowly defined. It 
is applicable to products for which there are 
no current quotations at larger markets or 
terminals. It is a local price in the sense that 
it reflects to some extent the surplus and 
deficit conditions of livestock in a localized 
area. Prices paid for livestock at local auction 
sales are one form of local market prices. 
The sale of livestock, especially calves and 
breeding animals in local markets, is usually 
on a per head basis. This method of evalua- 
tion of livestock may, of course, result in 
significant errors since the pricing accuracy of 
the method depends on the ability of buyers 
and sellers in the market to evaluate live- 
stock characteristics such as weight, grade, 
etc., and to integrate these characteristics in 
arriving at a per head value. Because of the 
difficulty in doing this accurately, the use of 
local price as defined above should be used 
only for livestock products for which no 
current quotation of prices is available and 

i"in situations where the animal is kept primarily for its breeding or 
milk value and market prices happen to he excessively depressed, then 
other methods of appraisal such as capitalized earning power may reflect 
the true value of the animal more accurately than the market price 
concept. Such methods will he evaluated in detail later in this report. 
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where appraisers are able to consider all the 
economic characteristics which influence the 
price of a given animal or product. Later in 
this report we propose specific guidelines for 
appraising the type of livestock for which the 
local price concept is most appropriately used. 

(3) Original or Purchase Price.^^—The purchase 
price represents the amount that was actually 
paid for or invested in the animal(s) in ques- 
tion. It is assumed that the purchase of 
animals is documented by a record or receipt. 
The method has limited application since, for 
example, it cannot be used, to appraise prod- 
ucts or animals produced oh the farm. It can 
be used, however, in some cases to settle 
claims for nonslaughter type animals such as 
breeding animals. The original price method 
is inadequate for use when the purchase 
price of the animal or product involved has 
little relation to its actual value at the time of 
appraisal. 

The purchase price method is generally the 
most appropriate appraisal method in valuing 
feeds and other consumable items purchased 
for immediate use or for use within a rela- 
tively short period of time. Such products 
are normally best valued at the cost of pur- 
chase plus the cost of getting them to the 
farm. 

Productivity Method 

An alternative method of appraisal that is used 
quite frequently by farm appraisers and farm man- 
agement economists is the "productivity" or "capi- 
talized" method. This method basically involves the 
computation of the present value of future streams 
of income from a specified capital investment such 
as a piece of machinery or a breeding animal. In 
those cases where resources are expended for only 
a short period of time, the process of discounting 
costs and incomes is not important since the differ- 
ence between the discounted and nondiscounted 
values is not significant. However, if an investment 
involves resources such as a breeding stock (includ- 
ing dairy animals), then the discounting of future 
income and costs becomes important. 

The productivity method of valuation is designed 
to provide a "value in use" for resources irrespec- 
tive of their current market prices. The produc- 
tivity or capitalized value of a breeding animal is 
equal to the present value of its future net returns or 

^1 Original price needs to be adjusted upward in the case of livestock 
because of additional feed and other costs incurred to carry the animal 
from the time of purchase to the time of appraisal. 

profits. In order to calculate the present value of 
the animal, we need to know the prices, production, 
and costs for some specified period of time con- 
sidered to be "normal." Then a net profit is esti- 
mated on the basis of estimated costs and returns. 
This profit figure is divided by an appropriate 
interest rate (adjusted for risk) to establish a normal 
or capitalized value. In using this type of valuation, 
the appraiser does not accept the actual market 
price of the animal but rather formulates his own 
price based on expectation of future prices. But as 
Heady (7) indicates, in so doing the appraiser 
accepts the market prices for all the resource inputs 
which were used to produce the animal. 

Thus the use of the productivity method is based 
on the assumption that costs and prices will behave 
as estimated. In reality, we know that a given 
investment may or may not successfully return the 
original cost plus appropriate interest rate because 
of mistaken expectations at the time the investment 
was made. Formulas for using the productivity 
method of appraisal are presented in appendix C. 

Comparison of Market Value versus 
Productivity Value 

In this section, we compare the market value and 
productivity or capitalized value methods in terms 
of their applicability, equitableness, and cost. Then 
we give our judgment on which method to use under 
different circumstances. 

Market Value Method.—The market value 
method can be applied to any product for which 
there is a regular market on which to base prices. 
If relevant prices are available the use of this 
method is both inexpensive and equitable. The 
method is inexpensive because personnel, travel, 
and time requirements are minimal. It is equi- 
table because a single value is paid for similar 
(like) products. It is also impersonal, easily ad- 
ministered, and thus should contribute to the 
success of the eradication program. 

Productivity Method.—In certain situations the 
market price method may be viewed as an inade- 
quate method for indemnification. For example, 
because of instabilities in supply and demand, 
current market prices in the short run may be out 
of line with production costs. And, if the product 
happens to be a capital product (resource) such 
as breeding stock, the current market price may 
not reflect its true value over its estimated 
productive life. So if the major product of the 
animal does not involve its value for slaughter 
(as for milk, breeding, wool, etc.) and if current 
market prices are excessively depressed or in- 
flated, then the productivity or capitalized earn- 
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ing power method may be the appropriate method 
to use. 

In practice,. the productivity method may be 
very difficult to apply because of lack of pertinent 
data and the considerable cost of using such a 
method even if data is available. In order to esti- 
mate productivity values for depopulated farms, 
a complete accounting of costs and returns over 
a specified period of time will be needed for 
individual farms or for representative farms. Such 
analysis may involve considerable costs, person- 
nel requirements, and delay. 

If, contrary to our recommendations, current 
indemnity payments are modified to include pay- 
ments for lost or foregone income, then there is 
merit in using the productivity method of valua- 
tion as opposed to the market price method. 
Under the productivity method, losses of income 
such as those caused by delays in restocking, 
for example, can be incorporated into the calcula- 
tion by estimating the current value of animals 
plus expected returns from sale of milk, offspring, 
and so on at given price and cost levels. It should 
be noted again that the practical application of 
this method can present problems which could 
well outweigh its advantages. Moreover, present 
data and personnel resources of APHIS appear 
inadequate for use of the productivity method. 

Advantages and Disadvantages of Appraisal 
Methods Discussed 

The advantages and disadvantages of the two 
appraisal methods discussed in the preceding sec- 
tion are summarized below: 

Advantages of Market Method: 

(1) It is simple and impersonal and, therefore, 
can be easily administered. 

(2) It is inexpensive in terms of time and person- 
nel cost requirements. 

(3) It can be adjusted quite easily to reflect 
quantity, quality, seasonal, and locational 
differences. 

(4) It is equitable because producers are paid 
the going market price. 

Disadvantages: 

(1) Fluctuations in supply and demand for live- 
stock products may create temporary wind- 
fall gains and losses. And, when prices are 
excessively depressed, there will be pressure 
from the industry not to use market prices for 
indemnifying producers for their destroyed 
products. 

(2) The closure of livestock markets during dis- 
ease outbreaks may create a situation where 
current price information cannot be obtained 
to appraise condemned livestock. Under such 
conditions, formula pricing based on histori- 
cal price data would have to be substituted 
for current market prices. 

(3) The market price method cannot account for 
losses associated with "lost incoine" should 
this be a desired component of indemnification. 

Advantages of Productivity Method: 

(1) It can automatically incorporate down time 
or corollary income losses. The discounted 
present value method does, in fact, reflect 
both asset value and foregone income since 
it calculates a discounted value of the initial 
investment plus expected return. 

(2) Its appropriateness increases for those cases 
in which investment in a given product (such 
as a breeding and/or dairy animal) requires 
the appraisal of future as well as present 
values. 

Disadvantages: 

(1) It is costly. The use of this method normally 
requires considerable time and personnel. 

(2) Future prices and costs cannot be adequately 
determined and, therefore, the resulting ap- 
praisal values may be grossly inaccurate. 

(3) It can result in gross inequities among re- 
cipients of indemnification payments because 
of the substantial variation between farms. 
For example, if it costs producer X $500 to 
produce a given animal and producer Y only 
$400 to produce the same animal, then what 
should the indemnity rates be for these two 
producers? Do we reward producer X for his 
inefficiency by paying him $500 and punish 
producer Y for his efficiency by paying him 
$400? Even if a representative farm is used as 
a basis for indemnities some such inequities 
will remain. 

To summarize, the marketing system for the pri- 
mary livestock sector is one of the most competitive 
marketing systems in the United States. Prices for 
livestock are determined competitively on a regular 
basis by numerous buyers and sellers at literally 
thousands of auctions and terminals throughout the 
Nation. As long as this type of marketing system 
exists, we feel justified in recommending the open- 
market price as the primary basis for determining 
indemnity payments. 
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It is also our judgment that the substantial vari- 
ability in production costs between firms, the diffi- 
culty in estimating costs and returns with adequate 
accuracy, and the possible disagreement over what 
constitutes a "fair return to resources" makes the 
productivity or capitalized value method of esti- 
mating indemnity payment rates much less desirable 
than the system based on market prices. 

The next phase of this report presents in detail 
the use of the market value method for appraising 
different classes of livestock to attain desired uni- 
formity, equity, and efficiency in future FMD- 
indemnification programs.^^ 

PROCEDURES AND GUIDELINES FOR 
APPRAISING LIVESTOCK 

The first portion of this report dealt primarily 
with the conceptual framework for analyzing al- 
ternative procedures and methods for determining 
fair indemnity payments for livestock and materials 
destroyed under exotic disease eradication pro- 
grams. It was suggested that a pricing system based 
on open-market prices is the most desirable method 
to use from the standpoint of both equity and 
efficiency. It was also pointed out that the market 
appraisal method may not be feasible and/or appro- 
priate to use under all circumstances unless certain 
adjustments are undertaken to make it applicable. 
The purpose of this section of the report is to 
describe and analyze in more detail the use of market 
prices for determining indemnity values for the dif- 
ferent species, classes, qualities, and grades of live- 
stock under normal circumstances. And, as previ- 
ously indicated, a procedure for determining indem- 
nities in extraordinary circumstances of an epidemic 
is presented in appendix B. 

The Federal regulations pertaining to indemnity 
payments for infected and exposed herds specify 
that animals should be appraised on the basis of 
their breeding value as well as on their dairy or meat 
value. The regulations also state that appraisal of 
animals should be based on their "fair market 
value." 

The procedure for appraising livestock is also 
described in the Code of Federal Regulations. The 
CFR states that animals may be appraised in groups 
providing they are of the same species and type 
and providing that where appraisal is by the head 
each animal in the group is the same value per 
head or when appraisal is by the pound each animal 
in the group is the same value per pound. 

^2 it should be noted again that the guidelines developed in this report 
for FMD can he easily modified for application to other disease indemni- 
ficatioii programs as well. 

In order to develop an equitable and efficient 
appraisal system of livestock conforming to that 
required by law, it is necessary to follow some 
systematic and uniform method of evaluation that 
considers quality, yield, and other differences of 
livestock species. For commercial livestock, par- 
ticularly animals intended for slaughter, such a 
method is the system of grading and classification 
developed by the U.S. Department of Agriculture 
(USDA). Procedures for appraising breeding and 
dairy animals including purebred animals will be 
discussed later. 

Methods of Marketing Livestock 

Before we get into the subject of classifying and 
grading livestock for determining fair market values, 
we need first to have a brief understanding of the 
major marketing agencies used to market livestock, 
the recent changes in livestock marketing, and the 
effects of the latter on price reporting. 

Livestock are bought and sold through several 
kinds of markets. However, the most important 
types of livestock markets which are relevant for 
establishing representative schedules of prices are 
[1] terminal or central markets, (2) country or local 
markets, and [3) auction markets. 

Terminal Markets 
Terminal markets are livestock trading centers 

for all types of commercial livestock. These are 
usually located at major rail heads. Examples are 
South St. Paul, Omaha, St. Louis, Kansas City, 
Lancaster, Denver, Oklahoma City, Sioux City, 
and Indianapolis. A complete listing of livestock 
terminals in the United States is provided in 
appendix D. 

Livestock is consigned to commission firms for 
sellinfí at terminal markets. The vard facilities at 
terminal markets are owned by stockyard com- 
panies. Terminal markets are open and competi- 
tive and all reputable buyers and sellers are free 
to use the facilities at specified fees. 

Country Markets 
The development of trucking and improved 

highway networks made it possible for farmers 
to market their livestock through channels other 
than terminal markets. These include selling of 
livestock directly to dealers, order buyers, other 
farmers, etc. This method of livestock marketing 
is becoming very popular because farmers feel 
they have more control over selling while it takes 
place. And, they have not incurred shipment 
costs or other service or selling expenses. 
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Auction Markets 
These are trading centers for livestock where 

animals are sold to the buyer making the highest 
bid. There are more than 2,300 auction markets 
scattered all over the United States [11], 

Traditionally, auction markets have been used 
as outlets and sources for feeder livestock and 
breeding animals. Livestock marketed in auction 
markets are sold either by weight on a price-per- 
pound basis or simply by the head. Selling by 
the head is used primarily for breeding stock 
since most auctions are now equipped with auto- 
matic weighing scales. 

Recent Changes in Livestock Marketing 

In recent years, the marketing of livestock has 
undergone important changes among which is the 
declining volume of livestock marketed through 
terminal markets. The decline of terminal markets 
in terms of volume of livestock marketed is shown 
in table 12-1. Table 12-1 also shows that direct 
marketing gained in volume at the expense of 
terminal markets. 

The shift of producers to a direct form of mar- 
keting is the result of their belief that this type of 
selling enhances their competitive position. Such a 
method of marketing makes it possible for pro- 
ducers to exercise control over selling while it takes 
place either on their own farm or at nearby local 
markets. Selling directly to order buyers, local 
markets, and so forth, also reduces marketing costs 
such as yardage, commission charges, and feed. 
Transportation costs paid by producers can also be 
reduced as a result of direct marketing but these 
costs, of course, depend on the distances traveled 
to packing plants, buying stations, and public 
markets. 

TABLE 12-1.    Percent of packer livestock purchases through 
- -digèrent market outlets, 1960 and 1972 

Year and market Cattle Calves Sheep Hogs 

 Percent  

Terminal markets: 
1960 45.8 25.4 35.4 30.3 

1972 13.2 7.6 13.7 16.3 

Direct, country 
dealers, etc.: 

1960 38.6 42.5 54.0 61.0 

1972 72.2 31.6 74.3 70.4 

Auction markets: 
1960 15.6 32.1 10.6 8.7 

1972 14.6 60.7 12.2 13.3 

Source; Packers and Stockyards Resume, Packers and Stockyards Admin- 
istration, U.S. Department of Agriculture, Washington, D.C., 
Respective years. 

Effect of Changes on Price Reporting 

Because of their historical importance, their rela- 
tively small number, and their excellent reporting 
systems, terminal markets have been given wide 
and thorough coverage by the Federal Market News 
Service in its market reporting activities. Firms 
and individuals engaged in buying and selling of 
livestock have historically relied on price reports 
originating from public terminal markets. 

As a result of the declining volume of livestock 
marketed through terminal markets, questions have 
been raised concerning the validity of the price 
reporting done by the U.S. Department of Agricul- 
ture. For example, questions have been raised con- 
cerning the **true price" of livestock, that is, 
whether prices reported from terminal markets ade- 
quately reflect the prices at other markets. 

Actually, no one single market can individually 
be viewed as a price basing for other markets to 
follow. Rather, prices are determined by the whole 
group of markets functioning as one integrated sys- 
tem. The nature of livestock products makes it 
difficult to have one single market on which to 
base prices. 

*To say that any one kind of livestock market is 
the competitive market and that it sets the basic 
price simply disregards the market facts of life. 
Terminals, country markets, auction markets, etc., 
all are phases of a complex, integrated marketing 
system." [11] 

The USDA in recent years has expanded sub- 
stantially its price coverage, and price reports are 
provided for different types.of markets including 
auction markets and direct selling. The price infor- 
mation gathered and released by the USDA will be 
described in detail in the section dealing with 
sources of price information. 

Classification and Grading of Livestock for 
Price Determination 

The primary function of grading and classification 
of livestock is to facilitate the task of marketing. 
Livestock is produced in a wide range of quality and 
weight. Classification and grading of livestock into 
homogeneous lots results in meaningful price quota- 
tions which have the same meaning to buyers and 
sellers in all markets. 

From the standpoint of indemnification programs, 
the use of price quotations which are based on 
quality and other recognized livestock differences 
will result in fair appraisal values. If an appraiser 
is thoroughly acquainted with the quality standards, 
he can determine with reasonable accuracy the 
relative worth of the animals and products being 
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appraised. The use of price quotations to appraise 
livestock can substantially reduce the time needed 
for determining indemnity values. For example, a 
minimum of physical inspection of animals is 
needed. The use of uniformly-accepted standards 
for weight, grade, and class can also cut the time 
and expense of arguing with producers over what 
constitutes a fair price for their livestock. 

APPRAISING FEEDER AND SLAUGHTER 
LIVESTOCK 1^ 

The grading system established by the USDA is 
not compulsory but it is the most popular and widely 
used livestock grading system in the United States. 
The Federal-State Market News Service utilizes the 
Federal grade nomenclature in its market and price 
reports. 

Grading of livestock began by establishing carcass 
grades and then was followed by establishing 
slaughter grades for live animals. The slaughter 
grades were intended to be directly correlated to 
the grades established for carcasses. Similarly, 
feeder animal grades were developed for cattle, 
lamb, and swine to conform to slaughter grades. 

Since in the case of an exotic disease outbreak 
livestock have to be graded alive, an appraiser 
needs to be able to grade animals on the basis of 
their potential grade on a carcass basis and also 
must be able to estimate accurately the weight of 
animals individually or in groups as there will, in 
most cases, be no scales available to weigh the 
animals. Without an expert appraiser, significant 
errors may occur both in estimating the weight and 
yield and in estimating grade quality. 

Therefore, in appraising livestock for indemnity 
purposes, an appraiser must be able to perform the 
following tasks: 

(1) Sort the animals into homogeneous units, 

(2) Estimate weight, 

(3) Estimate potential yield and quality grade on 
a carcass basis, and 

(4) Apply   appropriate   price   quotations   to   the 
animals appraised. 

The first step in the application of grades to 
livestock for FMD indemnification purposes is to 
list the susceptible livestock species. These are: 

(1) Cattle 

(2) Hogs 

^^The material in this section is based primarily on  USDA publications 
on grading livestock which are cited at the end of this report. 

(3) Sheep 

(4) Goats.i^ 

Each individual species can be subdivided ac- 
cording to use such as ¡slaughter, breeder, etc. 
Within the use categories a further subdivision into 
classes can be made on the basis of the age, sex, and 
condition of the animals. 

The use and class categories of cattle, sheep, and 
hogs are as follows: 

(1) Slaughter cattle—steers, heifers, cows, bulls, 
and bullocks 

(2) Feeder cattle—same as slaughter cattle 

(3) Slaughter swine—barrows, gilts, sows, boars, 
and stags 

(4) Feeder pigs—same as slaughter swine 

(5) Slaughter lambs, yearlings, and sheep—ram, 
ewe, and wether 

(6) Feeder lambs, yearlings, and sheep—ewe and 
wether. 

As indicated previously, grades for slaughter 
cattle are designed to be correlated to the carcass 
grades. In order to accomplish this, the slaughter- 
grade standards are based on quality and yield 
factors. Detailed discussion of these factors is 
beyond the scope of this report, but it should be 
noted that a minimum understanding of the grading 
system is required by anyone involved in the ap- 
praisal of livestock and it may be acquired by re- 
ferring to USDA publications on the subject. 

Grades for Slaughter Cattle 

The quality grade standards for cattle are ap- 
plied to steers, heifers, and cows as one group and 
to bullocks as another group. Eight quality desig- 
nations apply for steers and heifers. These are: 
(1) Prime, (2) Choice, (3) Good, (4) Standard, 
(5) Commercial, (6) Utility, (7) Cutter, and (8) Canner. 

With the exception of Prime grade, the same 
quality standards apply to cows. The quality desig- 
nations for bullocks are: (1] Prime, (2) Choice, 
(3) Good, (4) Standard, and (5) Utility. 

There are five yield grades, which are applicable 
to all classes of slaughter cattle and are designated 
by numbers 1 through 5, with yield grade number 1 
representing   the   highest   grade   and   yield   grade 

^* Goats represent a very small percentage of the iivestock population of 
the United States and price information on goats is only available in 
Texas. Because of the rather unique locational and marketing character- 
istics associated with production of goats, we have excluded them from 
our discussion of indemnification guidelines. 
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number 5 representing the lowest grade. Slaughter 
bulls are eligible for yield grading only and, there- 
fore, have no quality grades. 

Grades for Feeder Cattle 

The difference between feeder and slaughter 
cattle is in the intended use. Feeder cattle are 
intended for further feeding before they are ready 
for slaughter. The classes of feeder cattle are iden- 
tical to those of slaughter cattle and so are the 
grades. 

Grades for Swine 

The official standards for grading slaughter bar- 
rows, gilts, and feeder pigs provide for sorting first 
according to use—slaughter and feeder—then as to 
class, which is determined by the apparent relative 
excellence of the animal for its intended use. 

The following grades are applicable for barrows 
and gilts: (1) U.S. No. 1, (2) U.S. No. 2, (3) U.S. No. 3, 
(4) U.S. No. 4, and (5) U.S. Utility. 

The grades for slaughter hogs are directly related 
to the grades established for pork carcasses. Simi- 
larly, the grades for feeder pigs also are directly 
correlated with the grades for slaughter hogs. For 
example, a U.S. No. 1 feeder pig is expected to grade 
U.S. No. 1 slaughter hog, which in turn, should 
produce a U.S. No. 1 carcass. 

Sows, stags, and mature boars are seldom used 
as feeder animals, and these feeder animal standards 
do not apply to these classes of swine. 

Grades for Lambs, Yearlings, and Sheep 

Quality grades are specified as follows: (1) Prime, 
(2) Choice, (3) Good, (4) Utility, and (5) Cull. 

Mutton carcasses are not qualified for Prime 
grade. There are five yield grades as for cattle 
ranging from 1 to 5 with yield grade No. 1 indicat- 
ing the highest yield. As with other species, grades 
of carcasses and live animals are directly related to 
each other. Therefore, quality grade names and 
yield grade designations for live animals are the 
same as those for carcass grades. 

A summary of official grading for all classes of 
FMD-susceptible domestic livestock with the excep- 
tion of goats is given in table 12-2. 

Sources of Price Information 

Current data is provided by the Federal-State 
Market News Service on most livestock products. 
The data is gathered directly at public and auction 
markets and from buyers and sellers in production 
areas. The data collected by livestock reporters is 
immediately released to the news media and can 

be obtained through telephone answering devices, 
nationwide teletype network, and printed reports. 

TABLE 12-2.    Official USDA grades for livestock. 

Species and grade Quality grade Yield grade 

Slaughtei steers and Prime, Choice, Good, 1, 2, 3, 4, 5 
heifers Standard, Commercial, 

Utility, Cutter, Canner 

Cows Choice, Good, Stand- 
ard, Commercial, 
Utility, Cutter, Canner 

1, 2, 3, 4, 5 

Bullocks Prime, Choice, Good, 
Standard, Utility 

1, 2, 3, 4, 5 

Bulls Not eligible for 
quality grade 

1, 2, 3, 4, 5 

Feeder cattle Same as slaughter 
steers and heifers 

Calves and vealers Price, Choice, Good, No yield 
Standard, Utility, Cull grades 

established 

Slaughter havrows U.S. No. 1, No. 2, No. 3, 
and gilts No. 4, and Utility 

Feeder pigs U.S. No. 1, No. 2, No. 3, 
No. 4, U.S. Utility, 
U.S. Cull 

Sows U.S. 1-3, U.S. 2-3 

Boars No grades established 

Slaughter Jambs, year- Prime, Choice, Good, 1, 2, 3, 4, 5 
hngs, and sheep Utility, Cull 

Source: Compiled from several USDA publications on livestock grading. 

The collected data cover sales of feeder and 
slaughter cattle, hogs, and sheep at public terminals. 
Auction and direct selling and buying activities are 
also covered by reporters. These data sources pro- 
vide price ranges for livestock by class, grade, and 
weight. 

Extent of Price Coverage 

The data coverage includes most of the livestock 
producing areas of the United States. State per- 
sonnel under the technical supervision of Federal 
reporters prepared and released livestock informa- 
tion reports from 165 auctions in 15 States as of 
1972 (3). 

The information collected by livestock reporters 
is obtained through telephone and personal inter- 
views. Reporters usually select representative sam- 
ples of sales on which to base their reports covering 
each grade and weight group. 

With the increasing trend towards more decen- 
tralized marketing of livestock, it is expected that 
the number of the reporting stations will increase 
further in the future. 
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Price-Basing Markets for Appraisal 

As mentioned previously, the shift of volume 
from central public markets resulted in a question- 
ing of the adequacy of these markets as price- 
basing points for livestock. It v^as also indicated, 
however, that because these markets have excellent 
price reporting systems, many individuals and firms 
in the livestock industry still rely heavily on them. 

Livestock appraisers can obtain local market 
prices for livestock immediately by calling the 
local Federal-State Market News office. If no office 
is located in a particular area, prices from the 
nearest market can be obtained and adjusted to 
local conditions. However, most livestock areas of 
the country are either covered by the Federal-State 
Market News Service or by the appropriate State 
department of agriculture. A complete listing of 
Federal-State Market News offices in the country 
is given in appendix D. This listing can be used 
effectively by appraisers in the field since it covers 
practically all livestock producing and marketing 
areas of the country. A listing of livestock terminal 
markets by location is also given in the same 
appendix. 

APPRAISING DAIRY ANIMALS 

It has been pointed out that livestock kept for 
nonbreeding and nondairy purposes (feeder and 
slaughter livestock) are traded and priced according 
to relatively uniform grade, quality, and weight 
specifications. Determination of fair market prices 
for this type of livestock is not only possible but 
can be made with relatively little time and expense 
provided experienced livestock appraisers are em- 
ployed to perform the appraisal work. On any day, 
prices for varying grades, qualities, and weights 
can be established for almost any area in the 
United States with locational differences in prices 
which reflect deficit-surplus conditions and trans- 
portation costs. 

In contrast, the marketing of dairy and breeding 
animals differs in many ways from that of com- 
mercial feeder and slaughter livestock. For example, 
breeding and dairy animals are usually sold on a 
per-head basis rather than on a unit-of-weight basis. 
Also, there are no regularly established markets 
such as terminal markets with regular price quota- 
tions for breeding and dairy stock comparable to 
those for feeder and slaughter livestock. 

Because of the lack of any regular price reporting 
system for breeding livestock, it is necessary to 
develop some basic informational data and subse- 
quently some broad guidelines for use by appraisers 
in djetermining appropriate and fair values for these 
classes of livestock. 

Dairy Cattle Classification 

Most of the dairy cattle in the United States are 
classified as "Grade." An animal classified as grade 
is defined as a nonpurebred animal that possesses 
the major characteristics of a breed. In many cases, 
a grade animal is a descendant of purebred animals 
that have not been registered. A purebred animal 
is defined as an animal which can be traced back to 
the foundation animals of its particular breed [10], 
According to Foley et al (6), grade dairy animals 
represent more than 85 percent of the dairy cattle 
of the United States. Bailey (5) reports that grade 
dairy cattle represent 95 percent of the dairy cattle 
in the United States. The apparent discrepancies in 
these figures are due to the fact that no actual census 
has been taken. No precise measure of distribution 
of dairy cattle by breed is available but it is esti- 
mated that Holsteins represent more than 80 per- 
cent of the total dairy herd of the United States [9). 

Marketing of Dairy Cattle 

Dairy cattle are marketed by several methods. 
One important method of selling is the private 
treaty. Dairymen with surplus cattle maintain a 
standing agreement with other dairy farmers to 
supply them with their needs. Other dairymen sell 
and buy cattle through other methods such as auc- 
tion, dealers, and local markets. 

Private sale is probably the most important outlet 
for registered dairy cattle. Consignment, dispersal, 
and public auction sales are also used for market- 
ing dairy cattle, particularly purebred animals. Pub- 
lic auction sales are usually organized by the breed 
associations. About 15 to 20 percent of the sales 
of purebred dairy cattle are consummated every 
year by this method. 

Deficiencies in Price Reporting 

The prices paid for dairy cattle are not given 
systematic, widespread publicity and are not re- 
ported by the public market information agencies 
such as the USDA Federal-State Market News 
Service. 

The USDA reports an average price of milk cows 
for each State on a monthly basis. This price quota- 
tion is not very helpful in appraising dairy cattle for 
the following reasons: 

(1) It is not current. It often takes several months 
before the price data are released. 

(2] It is a simple average price for milk cows 
bought within a specified month. Since a 
specific age or grade of animals is not identi- 
fied, the price cannot be accepted widely Hy 
producers as a method of determining values 
for their cattle. 
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One important reason for lack of specific price 
quotations for dairy cattle is the difficulty of estab- 
lishing objective grading standards on which to base 
price quotations. Visual appraisal is the only method 
used in many cases to establish prices. 

In the absence of specific price information for 
dairy cattle, we need to develop a system of pricing 
that incorporates all of the important factors that 
determine the value of individual animals or herds. 
Since purebred dairy cattle are priced differently 
from grade dairy cattle, the two will be discussed 
separately. 

Establishing a Base Price for Grade Dairy Cattle 

A system of pricing grade dairy herds for in- 
demnity purposes could be developed using the 
following procedures: 

(1) Establish a base price for grade dairy cattle 
on a national, regional, or State basis. 

(2) Adjust the base price according to production, 
sex, age, health status, and any other relevant 
factors when appraising individual herds. 

The use of an average or base price to evaluate 
dairy cattle for indemnification is only a first step 
in determining equitable appraisal values. The use 
of this base price alone will result in overestimating 
the value of some herds and underestimating the 
value of others. Thus, if an equitable system of 
compensation is to be developed, we need to go 
beyond the use of an average price and develop 
appraisal prices that are more relevant to a given 
herd. The following are some of the methods that 
may be used in deriving a base price for grade 
dairy cattle: 

(1) RuJe of Thumb Method—A rule of thumb 
used by many dairy farmers states that the 
purchase price of grade dairy cows for milk 
can be at least 50 percent more than the 
current average value of cutter and canner 
cows of the same weight (6). Such a method 
of determining a base price is very simple 
but tends to disregard the other factors which 
influence the price for dairy cows. To assess 
the relative accuracy of this method, the 
average price relationships between dairy and 
beef cows have been estimated for the past 15 
years and are presented in table 12-3. 

In most years the premium in average price 
of grade dairy cows over that of canner- 
cutter grade cows was less than 50 percent. 
It should be noted that these prices are only 
averages. And, it is recognized that exception- 
ally good milk cows can bring substantially 
higher prices which in many instances may 

TABLE 12-3.    U.S. average prices for grade milk cows and 
canner-cutter cows, 1960-1974. 

Percent increase in 

Average price per head 
milk cow prices 

over canner-cutter 

Year Milk cows Canner-cutter 1 cow prices 

1960 201 155 30 
1961 204 162 26 
1962 202 156 29 
1963 196 150 31 
1964 187 134 40 
1965 193 150 29 
1966 221 186 19 
1967 232 185 25 
1968 246 188 31 
1969 273 211 29 
1970 302 211 43 
1971 325 224 45 
1972 351 262 34 
1973 447 342 31 
1974 449 271 66 

Average 269 199 35 

1 Value of 1,100-pound cow based on price of canner-cutter cows. 
Source: Agricultural Statistics, USDA, Washington, D.C.. Annual issues. 

be double or even triple the price paid for 
canner-cutter grade cows. 

(2) Formula Method—The "rule of thumb" ap- 
praisal method used in determining the price 
of dairy cows implicitly recognizes the re- 
lationship between the milk production and 
slaughter values. These relationships can, 
however, be measured more precisely. In an 
effort to gain precision, a regression equation 
was estimated to determine the factors which 
influenced the price of dairy cows for the 
period 1950 to 1974. The estimated equation 
is as follows :^^ 

Pdc = -120.94548 + 7.0335 Pb + 38.67327 Pm 
(.82144) (4.9948) 

R2   = .989 
Where 
Pdc = Price of grade dairy cows per head in 

dollars 
Pb   = Price  of  all beef  cattle  per hundred 

weight in dollars 
Pm = Price of milk per hundred weight in 

dollars. 
The numbers in parentheses are the stand- 

ard errors for the regression coefficients. The 
regression equation clearly shows that for the 

IS Price data were obtained from Agricultural Statistics, USDA, Washing- 
ton, D.C., Annual issues. Since the reported price for dairy cows included 
both registered and grade cows, price for grade cows was estimated by 
assuming a 10:1 ratio of grade cows to registered cows in the national 
dairy herd. Price data for registered cows were obtained from relevant 
breed associations [see table 12-9). 
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period 1950 to 1974 the price of dairy cows 
has been highly correlated with the price of 
beef and the price of milk. An original equa- 
tion also contained the price of cull cows as 
an independent variable. This variable was 
dropped from the equation, however, because 
it did not add significantly to the predictive 
power of the equation. The equation above 
shows that almost 99 percent of the variation 
in milk cow prices is explained by variations 
in the prices of milk and beef. The regression 
coefficient for the price of beef indicates that 
for each dollar change in the price of beef 
cattle per hundred weight a change of about 
$7.00 will occur in the price of dairy cows 
(other things being equal). Similarly, a one 
dollar change in the price of a hundred 
weight of milk will generate a change of about 
$38.70 in the price of dairy cows. 

Because of the high correlation between 
the price of dairy cows and the price of beef 
and milk, it is possible to get a good estimate 
of the current price of dairy cows by using 
the above equation. 

The prices of dairy cows predicted by the 
equation and the actual prices are presented 
in table 12-4 for the period 1950-74. The 
results show the deviations between actual 
and predicted prices of milk cows to be rela- 
tively low in most years, particularly during 
the later period of the analysis. If the cur- 
rent prices of milk and beef are known 
(ceteris paribus) a reasonably accurate esti- 
mate of dairy cow values can be made. 

The prices discussed so far refer to yearly 
average prices for the United States as a whole. 
It is known, however, that prices paid for 
dairy cattle vary seasonally and from one 
part of the United States to another. Adjust- 
ments for seasonal and regional differences in 
prices should, therefore, be built into any 
appraisal formula for indemnity purposes. The 
application of the formula method for a 
particular area of the country is illustrated 
in appendix F. Seasonal variation in prices of 
dairy cows is also presented in appendix F. 

(3) Method Based on Local Sale Price—The mar- 
keting of dairy cattle in very small quantities 
and in literally thousands of markets (auction, 
dealerships, local markets, etc.) is probably the 
major reason for the lack of dairy cattle price 
quotations by the USDA Market News Service. 
In establishing a base price for dairy cattle, 
prices paid for dairy cattle in all of these 
various markets appear relevant. Yet the com- 

TABLE 12-4.    Predicted  and actual prices  of grade  dairy 
cows, United States, 1950-74. 

Year Observed value i Predicted Deviation 

--. - - Dollars  - 
1950 172 183 +11 
1951 221 247 +26 
1952 221 231 +10 

1953 155 159 +4 
1954 131 144 +13 
1955 127 144 + 17 

1956 135 144 +9 
1957 147 163 +16 
1958 189 193 +4 

1959 210 199 -11 
1960 201 185 -16 
1961 204 184 -20 

1962 202 188 -14 
1963 196 194 -2 
1964 187 166 -21 

1965 193 183 -10 
1966 221 221 0 
1967 232 230 -2 

1968 246 247 0 
1969 273 275 +2 
1970 302 291 -11 

1971 325 310 -15 
1972 351 350 -1 
1973 447 456 + 9 
1974 449 451 + 2 

1 See footnote 14. 

plete reporting of these markets or even a 
reasonably reliable sampling procedure may 
be prohibitively costly in time and finances. 
And the capability for reporting this set of 
prices is not currently operational. 

Comparison of Methods for Establishing Base Price 

Three methods of establishing a base price for 
grade dairy cattle have been discussed. It was indi- 
cated that the first method, that of ''rule of thumb," 
has the advantage of simplicity. 

The formula method is a better method of price 
basing since it includes separate consideration of 
the two major factors which determine the prices 
paid for dairy cows—price of beef cattle and the 
price of milk. The high correlation between the 
price of dairy cows and the price of milk and beef 
cattle indicates that this formula can be used to 
estimate a reasonably current and accurate price 
for dairy cows. Once a formula is established, the 
only information needed for estimating the current 
price of milk cows is the current price of beef 
cattle and milk. The formula may have to be modi- 
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fied periodically depending upon the recent histori- 
cal price relationships of beef cattle, milk, and dairy 
cows. This method does, however, have the ad- 
vantage of simplicity and ease of administration. 
Moreover, data and cost requirements will be mini- 
mal. If the formula method is to be utilized effec- 
tively, efforts will need to be undertaken by USDÂ 
to systematically provide regional and seasonal re- 
finements for the formula method. 

The third method discussed is the use of local 
sale prices. This method is probably the one with 
greatest accuracy potential since it draws directly 
on local dairy market conditions. But, such data are 
not currently reported even on a sample basis. 

Adjusting Base Prices 

In determining the value of dairy cows on an 
individual animal or herd basis, we need to con- 
sider the specific factors which directly affect their 
market value. The factors discussed before are im- 
portant to consider when a base price for a given 
area is needed. However, a fair price for individual 
animals can be determined only if due consideration 
is given to such factors as age, production, type, 
breed, and the like. 

The following set of factors should be considered 
in evaluating grade dairy cattle for indemnity 
payments. 

Production 

The most important factor in determining the 
value of both grade and registered dairy cattle dur- 
ing the productive age span of the animals is milk 
production capability of cows. Cows or herds which 
yield above average milk and fat should be priced 
higher than those herds with below or average 
yields. For example, if it is determined that a given 
herd [other factors being equal) has a production 
average which is 50 percent more than the average 
for the total of herds in a given area then the cows 
in this herd should be valued proportionately more 
than cows of other herds. 

Production records for many dairy herds are kept 
by the Dairy Herd Improvement Associations in 
their respective States. There are also many other 
private organizations which keep data on produc- 
tion of dairy cattle. 

Health 
Another important factor that has a major influ- 

ence on prices paid for dairy cows is their health 
status. Animals that are infected with mastitis, 
tuberculosis, brucellosis, and other diseases are 
sold for substantially lower prices than animals 
free from such diseases. There is no data available 
by which the effect of health on prices can be ade- 

quately and separately measured but it is known 
that a significant portion of the culling of dairy 
cows is due to health problems. It is, therefore, 
obvious that cows having severe health problems 
should be priced at less than their milk-producing 
value. 

More than one-fourth of dairy cows leave the 
herd each year because of low production, health 
problems, reproductive problems, etc. Since culling 
percentages vary from one herd to another because 
of management capabilities and other factors, an 
appraiser will have to use his judgment and rele- 
vant data in order to determine the number of dairy 
cows in a particular herd which should be appraised 
at cull values. 

Breed 
The type of breed will also influence the price of 

dairy cattle. For example, average milk production 
from Holstein cows is higher than that for other 
breeds. Holsteins are also larger in size than some 
of the other dairy breeds. Thus, as a result of their 
milk and meat value, Holsteins are usually valued 
at premium prices over other breeds. 

Age 
Age is an important factor to consider when eval- 

uating grade dairy cattle. In general, the value of 
an animal increases until it reaches its prime [age 
4 to 6 years) after which its value starts to decline. 
Outstanding animals are exceptions to this rule be- 
cause of the potential value of their offspring. 

There are other factors which affect the value of 
individual dairy animals such as calving intervals 
and temperament. However, under a disease eradi- 
cation program, time becomes a critical factor and, 
therefore, it would be impractical for appraisers to 
evaluate those factors when determining indemnity 
values. 

A simple method for evaluating dairy cattle both 
grade and registered is developed later. And, the 
method is compared to real price conditions. 

Registered Dairy Cattle 

The preceding section developed broad guidelines 
and procedures for appraising grade dairy cattle for 
the purpose of indemnification. This section de- 
velops similar guidelines and procedures for regis- 
tered dairy cattle. 

The value of registered dairy cattle extends be- 
yond their milk-producing value because the de- 
mand for such cattle is based not only on their 
milk-producing value but also on their value as 
foundation breeding animals. Prices of registered 
dairy cattle vary greatly from one herd to another 
because of the wide variation in individual merit 
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and in the popularity of different bloodlines. There 
are also wide fluctuations in prices over time. All 
these factors make evaluation based on average 
prices grossly inaccurate. What is needed, therefore, 
is a system of appraisal which deals with herds on 
an individual basis but at the same time relates 
appraisal values to some uniform grade standards 
for all registered dairy cattle. Accurate appraisal of 
registered dairy cattle requires appraisers who are 
adequately familiar with all the factors which de- 
termine the price of animals. 

Regardless of which appraisers are used, the fol- 
lowing factors should be thoroughly considered 
when indemnities are computed for registered dairy 
herds as these factors account for almost all of the 
variation in prices. 

Production 

As in the case of grade dairy cattle, production is 
the most important single factor in determining the 
value of registered dairy cows. Income from the 
sale of milk represents the major portion of income 
of dairy producers even for registered herds. Esti- 
mates show that milk sales from registered herds 
account for more than 75 percent of total income (9). 

While data is not directly available to quantify 
the relationship between production of milk and 
prices of registered dairy cattle independent of all 
other factors, it is possible, nonetheless, to estimate 
the capitalized value of production for a particular 
breed of registered dairy cattle for which some his- 
torical data is available. 

Table 12-5 presents the prices paid for registered 
Holstein cows by age, sex, and production records 
for the 10-year period 1966-75. The table shows 
clearly that cows enrolled in Dairy Herd Improve- 
ment Registry (DHIR) are priced substantially higher 
than cows with Dairy Herd Improvement (DHI) 
records or those without records.^^ For example, the 
10-year average price for cows with official DHIR 
records is $1,003 compared to $808 for cows with 
DHI records and only $569 for untested dams. The 
variation in prices is also significant for bulls. Bulls 
from official DHIR record dams sold for an average 
price of $1,394 whereas bulls from untested dams 
sold for only $305. The latter price is probably equiv- 
alent to beef value. The data presented in table 12-5 
does not give specifically the quantity of milk pro- 
duction per cow associated with each price. It is 
generally true, however, that cows with DHIR 
records yield the most milk and fat. For instance, 
in 1973, 113,319 Holstein cows with DHIR records 
averaged 15,932 pounds of (305d-2X—M.E.) milk. 
18 pHIR records are DHI records which also meet breed association stand- 
ards. Herds qualified for DHIR are considered to he the elite of regis- 
tered dairy herds. 

The general DHI average for 1973 covered more 
than 2.2 million cows including 90 percent Holsteins 
with an average of 13,287 pounds of milk. (1) The 
corresponding average for cows with no records 
was only 10,125 pounds. Table 12-6 presents these 
relationships in modified form. 

Type 

Type is a controversial subject in dairy cattle 
breeding because of the difficulty of determining its 
contribution to the value of dairy animals. 

Type is defined as the standard that combines all 
the physical characteristics dairymen consider de- 
sirable in a dairy cow. In show rings, type is meas- 
ured by ranking of individual animals in their 
respective age classes as determined by a particular 
judge at a particular show. Such grading is very 
subjective and varies substantially from one show 
to another depending on the quality of animals 
entered for competition. Very often judges appraise 
animals with a view to their "ribbon winning** 
ability rather than to their economic value. 

The five major dairy breed associations have de- 
veloped a system of herd classification which is 
quite precise and useful and is widely accepted as 
a basis for grading purebred dairy cattle. Five basic 
type grades for female dairy cows that have fresh- 
ened are presented in table 12-7. 

The Purebred Dairy Cattle Association developed 
a dairy cow unified scorecard for all breeds, which 
encompasses all the characteristics that are con- 
sidered desirable in a dairy cow. These include 
points for general appearance, character, body capac- 
ity, and mammary system. The breed associations 
have approved lists of judges who are able to 
classify animals according to the rules established 
by the associations. The system of classification is 
voluntary but many purebred dairy owners classify 
their cattle because of the potential price premiums 
involved in having classified dairy cattle. 

A study conducted by the HoJstein-Friesian World 
in 1958 attempted to determine the impact of type 
classification on the sale of registered Holsteins 
sold at auctions. The results of the study are pre- 
sented in tables 12-8a and 12-8b. Table 12-8a 
shows average prices paid for Holsteins by grade 
classification. The results show that there is a close 
correlation between grade and price. Cows which 
graded excellent were sold at higher prices than 
cows of lesser grades. For example, the average 
price for cows classified as excellent was $1,335 
whereas the price for cows classified as very good 
was only $680. In general, the results in table 12-8a 
show that animals that had been officially classified 
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TABLE 12-5. Prices of registe ired Hois teins by ' age, sex, and prod uction 1 -ecords, 1 t966-197£ ) 

Description 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 Average 

Dollars - 
Females i with official 

DHIR records 654 706 892 760 808 916 1092 1267 1481 1457 10Ô3 

Females with DHI records 486 534 559 603 732 759 901 1135 1142 1231 808 

Females without records from 
DHIR official record dams 562 592 653 670 701 772 897 1129 1291 1271 854 

DHI official record dams 445 496 525 546 605 640 743 967 990 1023 698 

Untested dams 420 446 469 470 507 533 625 768 775 677 569 

Heifers under 2 years 
not in milk: 

From official record 
dams (DHIR) 392 478 539 475 484 555 820 925 1075 1267 755 

From official record 
dams (DHI) 272 316 338 327 424 406 544 712 737 738 481 

From untested dams 260 300 329 277 299 334 366 490 501 431 359 

Bulls all ages: 

From official record 
dams (DHIR) 1022 1354 1269 1144 969 1539 1350 1490 1436 1565 1394 

From official record 
dams (DHI) 332 585 405 376 433 506 1319 1027 692 1492 716 

From untested dams 230 224 244 271 252 308 294 477 424 328 305 

1 Females refer to those above 2 years old. 
Source ; Holstein-Friesian World, March 25, 1976, p. 23. 

TABLE 12-6.    Price and production ratios for 
registered dairy cows 

Production 
ratios 

Î973 

Price ratios 

1973 1960-75 

Cows with DHIR records 1.00 

Cows with DHI records .80 

Cows with no records .64 

1.00 

.90 

.60 

1.00 

.81 

.57 

or were from classified dams sold for $467 or 43 
percent more than unclassified animals, which aver- 
aged only $326. 

It should be pointed out that the results in table 
12-8a do not separate the effect of type grade on 
prices since most classified animals are animals with 
production records. Price averages in the complete 
absence of production records are presented in 
table 12-8b. Though the number of cows involved 
is very small, the results can be viewed as a rough 
estimate of the market value of type. As indicated, 
cows which were classified but without records 
averaged $380 or 16 percent more than untested 
dams. 

There is no doubt that most registered dairy 
owners consider type an important factor in the 
sale of registered dairy cattle. It is also true, how- 
ever, that dairy owners associate improved type 
classification with improved milk production  (5). 

And, production is probably the dominant factor in 
establishing prices for registered cattle. 

Pedigree and Progeny 

Complete and accurate information on the per- 
formance of both male and female ancestors is an 
important consideration in valuing dairy animals of 
all ages. Such information is particularly helpful in 
determining the value of young females under 2 
years of age for which production records are lack- 
ing. In this case evaluations of the sires and the 
production records of their female ancestors offer 
the best evidence of milk-producing potential for 
these heifers. (6) Table 12-5 shows, for example, 
that Holstein heifers under 2 years of age from offi- 
cial DHIR records were sold for an average 1966-75 
price of $755 whereas heifers from untested dams 
were sold for an average price of $359. 

Most of the sires used for breeding in the United 
States are selected by pedigree or by a combination 
of pedigree and type. Extremely high prices are 
paid, however, only for proven sires. The USDA has 
developed a method of comparison of different bulls 
based on the so-called "predictive difference'* and 
sire summaries are published for both A.I. and 
natural service sires. Appraisers of registered dairy 
cattle are expected to be acquainted with these sum- 
maries in order to be able to evaluate the monetary 
value of these predictive differences in the pricing 
of sires. 
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TABLE 12-7.    Classification of purebred dairy breeds 

Type classification Score of points 

Excellent (E) 

Very good (VG) 

Good plus (GP) 

Good (G) 

Fair (F) 

90 and above 

85-89 

80-84 

75-79 

70-74 

Source: Foley, et al, op. cit., p. 501. 

Health 
It was indicated previously that health is an im- 

portant consideration in determining prices for dairy 
cattle. Animals which are infected with diseases 
other than the disease for which indemnities are 
paid should be sorted out and priced at less than 
their dairy value. How much less will depend on 
age, on the feasibility of rectifying health problems, 
and similar factors. It is obvious that an owner of 
cows infected with tuberculosis, for example, cannot 
sell them at their dairy value. Thus, it is suggested 

that appraisers should sort out animals which will 
be normally culled and value them at their slaughter 
value. 

Breed 
The five major dairy breed associations registered 

383,501 animals in 1974-75, of which 76 percent 
were Holsteins. Prices paid for dairy animals de- 
pend, in part, on the breed involved. The figures 
listed in table 12-9 provide a comparison of prices 
paid at public auction for registered dairy cattle 
of three major breeds over the last 15 years. During 
this period Holsteins averaged $138.50 more than 
Guernseys and $141.50 more than Jerseys. Table 12- 
10 provides economic explanations for the varia- 
tion in prices of different breeds. For example, Hol- 
steins average more milk than the two other breeds. 
They also weigh more than the other breeds and 
their meat quality is graded better. And their calves 
grow much better than Guernseys and Jerseys. 

Basis for Pricing Dairy Cattle Within Herds 

When all the important factors determining the 
value of dairy cattle have been taken into considera- 

TABLE 12-8a.    Analysis of type classification and price of Holsteins sold at auction, 1957 

Grade 

Description EX VG GP Unclassified 

Classified females over 2 years 

Females over 2 years from 
classified dams 

Heifers under 2 years not in milk 
from classified dams 

Classified bulls all ages 

1,335 

697 

1,057 

10,693 

680 

503 

401 

649 

 Dollars 

478 382 

455 

326 

350 

382 

267 

330 

353 

254 

360 

227 

Summary: 4,571 head classified sold at an average price of $467. 
7,195 head unclassified sold at an average price of $326. 

TABLE 12-8b. Effect of type classification on prices in the absence of production records, 1957 

.                                                                          Average price 

Description EX           VG            GP             G              F                   Average           dams and heifers 

Classified but untested cows 

Unclassified cows from classified 
but untested dams 

Females under 2 years from 
classified but untested dams 

 Dollars 

— 475     412     344     300 

— 772     351     292     336 

— 215     298     175     — 

380 

407 

239 

326 

326 

193 

Source; Adapted from Holstein-Friesian World, March 9, 1958, pp. 19-20. 
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TABLE 12-9. Average prices of registered dairy cattle of 
the three major breeds sold at public auction in the United 
States, 1960-1974 

Year Holstein Guernsey Jersey 

 Dollars - - - 

1960 429 414 362 
1961 429 360 356 
1962 401 346 332 

1963 403 358 361 
1964 417 361 376 
1965 398 381 295 

1966 495 441 377 
1967 527 518 401 
1968 579 420 394 

1969 506 423 457 
1970 656 444 559 
1971 698 537 534 

1972 832 562 553 
1973 1015 615 654 
1974 1088 605 727 

Source; Holstein-Friesian World, March 25, 1975, p. 29; Guernsey Breeders 
Journal, February 1975, p. 108; and Jersey Journal, February 20, 
1975, p. 19. 

tion, a basis for indemnifying registered and grade 
animals on a particular farm is to start with one 
animal (or several animals) in the key 3 to 6 year age 
category and base the value of the rest on it accord- 
ing to table 12-11. 

For the majority of cows above 6 years of age, the 
price may be adjusted downward by 20 percent 
yearly until the salvage value for beef is reached. 
Outstanding cows will not ordinarily depreciate as 
much as 20 percent a year because of the value of 
their offspring. 

To determine the accuracy of the method of ap- 
praisal outlined above it would be desirable to com- 
pare it to actual price conditions. Such a compari- 
son cannot be made broadly, however, for grade 
cattle because price data are not reported by age 
categories. 

With respect to registered dairy cattle, some breed 
journals occasionally report price data by age cate- 
gories. Table 12-12, for example, gives average 
prices paid for Holsteins by age groups for the 
period 1965-74. While the age categories are not 
directly comparable, the data in table 12-12 does 
provide credence for the method of appraisal sug- 
gested in table 12-11. 

In summary, we have attempted to show that fair 
and accurate prices for both registered and grade 
dairy cattle can only be determined if adequate con- 
sideration is given to all the factors determining 
their value. These include age, sex, production and 
type-classification records, breed, and other factors. 

Data Sources for Appraising Dairy Cattle 

Grade Cattle 
At the present time meaningful price information 

on grade dairy cattle does not exist. The only price 
data which is available is compiled from individual 
States and is reported in the annual summary of 
Agricultural Prices published by the Crop Reporting 
Board of the U.S. Department of Agriculture. A 
monthly questionnaire is sent out to producers by 
individual States in which they are asked to report 
the average price paid for dairy replacements. 

Despite this historical data problem, we feel that 
it is possible to determine accurate and equitable 
prices for grade dairy cattle if the right type of data 
is collected and used in evaluation. 

To determine the total value of a given herd of 
grade animals we need the following information: 

(1) Data to estimate a base price for an area, 
(2) Data to adjust the base price for a given herd. 
The base price can be obtained in two ways. One 

is to develop a pricing formula which computes the 
price of dairy cows based on the current price of 
milk and beef cattle. The accuracy of this method 
will depend on the degree of correlation between the 
price of dairy cows and the price of milk and beei 
cattle. It will also depend on the extent to which 
estimates account for critical locational and seasonal 
price effects. 

The second method for determining a base price 
for grade cattle is to survey local markets in which 
dairy cattle are marketed and attempt to obtain a 
representative price. This method is costly in terms 
of money and time. However, it has the potential 
for being the best method from the standpoint of 
relevancy and accuracy. 

Once a base price for a particular area or State is 
derived, it should then be adjusted to reñect factors 
regarding individual herds such as production, age, 
sex, etc. A method for classification into seven age 
categories was presented in table 12-11. To ap- 
praise a particular herd, the appraiser will need to 
determine the difference in average production of 

TABLE 12-10.    Economic characteristics of the three major 
dairy breeds in the United States 

Characteristic Holstein Guernsey Jersey 

Average size of cow (lbs) 1,500 1,100 1,000 

Average size of bull (lbs) 2,200 1,700 1,500 

Birth weight of calf (lbs) 95 75 60 

Value of beef and veal Excellent Fair Fair 

Milk fat (%) 3.5 5.0 5.5 

DHI production average (lbs) 13,844 10,137 9,372 

Sources; Milk production averages are derived from Dairy Herd Improve- 
ment Letter, Vol. 51, No. 3, October 1975, p. 6. The remaining 
data is adapted from Schmidt and Van Vieck, op. cit., p. 39. 
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TABLE 12-11. 

Age group 

A suggested method for evaluating dairy 
cattle hy age groups i 

Value as a percentage 

Cows, 3 to 6 years old 
Cows, 2 to 3 years old 
Heifers, bred 
Heifers, 12 to 18 months 
Heifers, under 6 months 
Heifers, at birth 

100 
75 
60 
40 

25-40 
20-25 

lit is difficult to generalize for buIJs since prices are not necessarily 
correlated with age beyond certain levels. For example, 3- to 5-year old 
hulls may sell for the price of a yearling. 

Source: P.M.   Reaves   and   H.O.   Henderson,   Dairy   Cattle   Feeding   and 
Management, 5th ed., John Wiley and Sons, Inc.. New York, 1963. 

milk and fat between the herd average and the area 
or State average and then adjust the price of milk 
cows in the herd accordingly. Production records 
are available for many herds and can be obtained 
from DHI associations. Dairy herds for which of- 
ficial records are not available may be appraised on 
the basis of owner production records when these 
can be verified by official appraisers. Those animals 
which will be normally culled within a short period 
of time because of health or other problems should 
not be appraised for their milk-production value 
but rather at or near their value for beef. 

Registered Dairy Cattle 
It is beyond the scope of this study to evaluate 

the efficiency of the pricing and marketing system 
of registered dairy cattle but some generalizations 
can be made relative to prices for registered animals. 

To the best of our knowledge, the only available 
sources of information on prices of registered dairy 
cattle are the journals of the breed associations. 
The major breed journals publish annual price sum- 
maries on registered cattle sold at public auctions 
by sex and age groups. Appraisers should consult 
these journals when computing indemnities for reg- 

istered dairy cattle. The journals also publish regu- 
larly the results of individual herd sales from dif- 
ferent parts of the country. These are very detailed 
reports that include the price by age categories and 
also data such as type classification grade, produc- 
tion records, pedigree, and the like. 

The journals also publish the top prices paid for 
animals with outstanding records. For example the 
Holstein Journal lists all animals sold for a minimum 
price of $7,000.^'^ These types of data will be a 
valuable yardstick to use by appraisers when eval- 
uating animals at the farm. In cases where an animal 
was recently bought, the appraisal price will be the 
purchase price plus adjustment for feed and other 
costs. 

Finally, appendix E gives useful reference ma- 
terial on registered dairy breeds which includes 
listing of associations, number of registrations by 
breed, and average price paid for both grade and 
registered dairy cattle. 

APPRAISING BEEF BREEDING ANIMALS 

Classification 
About 3 percent of all beef cattle in the United 

States are purebred and 97 percent are grade (8). 
The major beef cattle breeds include Angus, Here- 
ford, Polled Hereford, Charoláis, Shorthorn, Santa 
Gertrudis, Brahman, and Brangus. Number of regis- 
trations and volume of sales for 1974-75 are pre- 
sented in table 12-13 for the eight major breed 
associations. 

Marketing Methods 

The marketing of grade and registered breeding 
cattle is not very different for beef than for dairy. 
i^In 1974, 7.64 percent, or about 1,100 head, of Holsteins were sold at 
public auctions for more than $2,000. If we assume that Holsteins sold at 
auctions represent 20 percent and prices at public auction are the same 
as those of private treaty then the total number sold at more than $2,000 
was 5,500 head. 

TABLE 12-12.    Registered Holstein average prices by age groups sold at auction, 1965-74 

Age group 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 Average 

    Dollars ■   

Cows 2 years and over 463 533 579 649 648 723 778 905 1142 1200 762 

Bred yearlings 376 434 476 522 540 585 617 751 949 1008 626 
(81)1 (81) (82) (80) (83) (81) (79) (83) (83) (84) (82) 

Open yearlings 282 310 389 427 371 429 462 640 824 848 498 
(61) (58) (67) (66) (57) (59) (59) (71) (72) (71) (65) 

Heifer calves 232 264 310 346 334 403 435 502 731 798 435 
(50) (50) (54) (53) (52) (50) (50) (56) (64) (67) (57) 

Calves of both sexes under 104 135 154 164 169 183 196 230 284 285 190 
3 months (23) (25) (27) (25) (26) (25) (25) (25) (25) (24) (25) 

1 Figures "in parentheses indicate the index of prices as a percentage of prices of cows 2 years and over. 

Source: Compiled from Holstein-Friesian World, iVlarch 25, respective years. 
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TABLE 12-13.    Registrations and transfers for registered 
heef cattle, 1974-75 

Breed association                                  Registrations Transfers 
-  Head 

American Angus Association 350,558 231,028 

American Hereford Association 272,416 111,211 

American Polled Hereford Association 207,882 113,718 

American International Charoláis 
Association 96,525 75,668 

American Brahman Breeders 
Association 25,295 21,955 

American Shorthorn Association 24,204 16,219 

Santa Gertrudis Breeders International 
Association 28,060 13,751 

International Brangus Association 12,686 9,957 

Source: National Society of Livestock Record Associations, Annual Report 
and Directory, 1974-1975. 

As for dairy, selling methods for both registered 
and grade beef cattle include private treaty, auction, 
consignment sales, dispersal, and other methods. 
Some of the problems which are common in the 
marketing of beef breeding animals can be sum- 
marized as follows: 

(1) There are no price-quoted markets. 
[2) Prices are determined on a head basis and 

there is no real basis for establishing whether 
prices are reasonable or not because prices 
are based to a large extent on visual appraisal 
and pedigree of animals. 

In recent years, more objective standards such 
as performance and progeny records have been de- 
veloped; however, they are not yet widely used 
methods of evaluation. 

Grade Beef Cattle 

Although there are more than 43 million beef 
cows in the United States in the mid 1970's, price 
data for them is very sparae. Grade beef cows are 
traded regularly through different marketing chan- 
nels but prices are not published even on an annual 
basis. Since price data are not reported, it is neces- 
sary to establish base prices on the basis of direct 
contact with auction managers, commission men, 
dealers, and others who are acquainted with the 
local marketing of breeding animals. 

A survey of dealers, auctions, and commission 
men in a given area can be made for deriving aver- 
age prices for beef breeding animals. The limitations 
of this method in terms of cost and time have been 
discussed earlier with respect to dairy cattle. An- 
other method of determining the value of grade 
beef cows is one based on the price of feeder cattle. 
A 25 to 50 percent premium per hundredweight over 
feeder cattle price can be used as a rough guide for 

establishing a base price for beef cows in breeding 
herds. [8] 

Once a base price is established, appraisers can 
adjust this base price for the individual factors af- 
fecting a particular animal or herd. Factors which 
need to be considered in appraising grade breeding 
animals include age, sex, breed, and health. In order 
to obtain accurate appraisal of animals, herds should 
be classified according to uniform and acceptable 
standards of age and quality categories. 

Registered Beef Cattle 
Most of the registered beef cattle are sold and 

bought through private treaty. Only about 10 to 15 
percent of purebred cattle of the major breeds are 
traded at auction markets. However, since only 
auction prices are published they are often used as 
a price guide in private treaty selling. Although 
registered cattle are marketed separately from com- 
mercial cattle, their prices are influenced by most 
of the same factors which influence commercial 
cattle prices. When prices of commercial cattle are 
high, the demand for purebred cattle increases, 
which, in turn, results in high prices for registered 
cattle. Other factors which influence the value of 
registered beef cattle include general economic con- 
ditions, the reputation of the breeder and the con- 
formation, quality, breed, performance, pedigree, 
and age of animals. 

Procedures for Determining Indemnities 

Purebred cattle prices vary greatly from one herd 
to another. Prices also differ greatly from one animal 
to another in a given herd. These variations make 
it very difficult to make specific guidelines for in- 
demnity payments, and particularly in the case of 
outstanding animals whose prices deviate greatly 
from the average. 

The first requirement for determining equitable 
indemnity values for registered beef cattle is to 
employ qualified appraisers who are thoroughly 
acquainted with the registered beef business. These 
appraisers should consider the following factors in 
the evaluation of herds for indemnification: 

[1) Age and sex: It is important that all the ani- 
mals in the herd are classified first according 
to sex and age categories. The age categories 
should conform to those used by the breed 
associations. Normally, prices increase from 
birth to maturity and then begin to decline. 
Animals which are beyond breeding age 
should be valued at their meat value. 

(2) Type conformation: This is an important con- 
sideration in the merchandising of registered 
cattle even though research studies show little 
or no relation between type and performance. 
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Prices published by breed journals do show 
that breeders pay higher prices for animals 
with higher type scores. 

(3) Performance records; Cows and bulls with 
performance records usually command higher 
prices than bulls and cows without records. 
Only a very small percentage of purebred beef 
cattle have yet entered into systematic per- 
formance testing programs. The fantastically 
high prices occasionally reported in breed 
journals are for cattle with excellent perform- 
ance and type score records. 

(4) Breed: Prices vary substantially from one 
breed to another depending on the current 
popularity of a particular bloodline or breed. 
Some of the new exotic breeds command 
higher prices than some of the established 
breeds. 

(5) Health: It is expected that animals with severe 
health problems prior to the outbreak of the 
disease for which indemnities are paid should 
be sorted out and valued at prices less than 
their potential breeding value. For example, 
herd animals which would have been normally 
culled should be valued at cull prices. 

(6) Pedigree: Pedigree information is also very im- 
portant in determining the value of registered 
animals. Before the advent of performance 
and progeny testing, pedigree information 
and visual appraisal were the only meth- 
ods of evaluating breeding cattle. Pedigree 
information is a particularly important con- 
sideration in the case of young animals which 
because of their age lack progeny and per- 
formance information. 

It is recognized that there are many variables in 
determining the value of registered beef cattle but 
our attempt was to point out only the major factors 
influencing prices. 

Sources of Price Information 
It was mentioned before that there is no public 

price information available for breeding animals 
including registered beef cattle. The only sources 
of information on prices of registered animals are 
the breed association reports and journals. Some 
of the major beef breed associations publish regu- 
larly the prices of registered animals by sex and age 
categories.^^ Evaluation of these sources of infor- 
mation provides appraisers with an adequate basis 
for estimating values of animals at the farm. In 
order to obtain equitable values, appraisers need to 
be able to interpret the prices paid at auction to 
the specific cattle being appraised. 
i^See for example Aberdeen Angus Journal, American Hereford Journal 
and Polled Hereford World. 

The price information given in table 12-14 pro- 
vides background information relative to average 
prices of registered and grade beef cattle during the 
period from 1960 to 1974. The data permits a com- 
parison between prices of different breeds and also 
between registered and grade cattle prices. 

The data in the table indicates, in general, that 
prices of registered beef cattle followed closely the 
general trend of grade cattle prices. The weighted 
average price of registered Angus and Hereford 
cattle averages approximately 2.8 times the average 
value per head of 700-pound grade feeder steers 
over the 15-year period. 

Because the prices of some outstanding animals 
can be extremely high [for example $100,000 or 
more), sale averages can be misleading and less 
meaningful to use as a basis for indemnifying out- 
standing herds. However, it should be pointed out 
that these herds represent a very small percentage 
of the registered beef herds. For the majority of 
registered cattle the average price can be expected 
to range from 2.5 to 3.5 times the average price of 
commercial feeder steers if the historical relation- 
ships between registered cattle and grade cattle 
prices prevail in the future. 

APPRAISING BREEDING SWINE AND SHEEP 

The marketing of breeding swine and sheep is 
not very dissimilar from the marketing of other 

TABLE 12-14. Average prices of registered heef cattle of 
two major breeds sold at auction and all grade feeder 
steers at Kansas City, 1960-1974 

Grade feeder 

Registered cattle 
Weighted 

steers 

per head 

Year Hereford Angus price (700 lbs.) 

1960 458 412 439 161 

1961 498 445 476 161 
1962 506 519 511 172 

1963 508 539 522 161 
1964 451 509 479 139 
1965 441 436 438 158 

1966 508 476 491 178 
1967 522 523 522 173 
1968 484 464 472 181 

1969 530 490 506 205 
1970 621 503 544 211 
1971 664 529 583 224 

1972 857 604 705 272 
1973 1050 816 919 344 
1974 960 869 907 245 

Sources: Hereford prices are derived from American Hereford Journal, 
Annual February issues; Angus prices are obtained from Amer- 
ican Angus Association, St. Joseph, Missouri, personal corre- 
spondence; and grade feeder steer prices are derived from live- 
stock and meat statistics, Statistical Bulletin No. 522 and 
Supplements, USDA, Washington, D.C, 
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breeding livestock. Swine and sheep are marketed 
through auction sales, private treaty sales, consign- 
ment sales, and several other methods. These meth- 
ods have already been discussed in detail. 

In appraising both purebred and grade swine and 
sheep, we need to consider all the relevant factors 
influencing prices. Evaluation of pedigree, type, per- 
formance, and other factors is very important in 
order to arrive at equitable appraisal values for 
condemned herds. The importance of these factors 
in evaluation has been discussed before and will 
not be treated further. Instead, this section will be 
devoted to outlining some of the data needs in pric- 
ing breeding swine and sheep, particularly registered 
animals. 

Swine 

The number of purebred swine registered in 1974- 
75 was slightly over 352,000 head. This number is 
small when compared to the 61 million hogs and 
pigs on U.S. farms in December 1973. 

As is true in the case of dairy and beef breeding 
animals, current price information is not available 
for breeding swine. Moreover, many of the swine 
breed associations do not publish average prices for 
their breeds on a regular basis. Occasionally a breed 
journal will publish sale prices for individual sales. 
This type of data is, however, inadequate to serve 
as a base for pricing registered swine because it may 
not be representative of the animals of that breed. 

One swine breed association which publishes 
regular prices is the Hampshire Swine Registry, fn 
1974 this breed association registered more than 
24 percent of the total swine registrations in the 
United States for that year. Table 12-15 gives back- 
ground price information by sex and breeding status 
for the Hampshire Swine Registry for the period 
from 1963 to 1975. 

The data in table 12-15 indicates that there is a 
substantial variation in prices between boars and 
gilts with boars commanding the higher price. For 
example, the average price of boars for the 13-year 
period was more than 1.8 times the average price of 
open gilts. There is also a signiñcant difference be- 
tween the price of open gilts versus bred gilts. Over 
the 13-year period the average price of bred gilts 
was 1.27 times the average price of open gilts. 

It can be generally concluded that classification 
of animals according to sex, age, and other cate- 
gories is a necessary requirement for obtaining fair 
indemnity values. Any indemnity procedure which 
is based only on average per head values may result 
in gross errors and inequities. 

Price information on grade breeding swine is not 
available on a wide basis. Some of the registered 
swine breed associations occasionally publish price 

TABLE 12-15.    Average prices for registered Hampshires 
sold at auction hy sex and breeding status, 1963-1975 

Average price per head 

Year Boars Open gilts Bred gilts 

1963 164 94 133 
1964 152 87 134 
1965 197 113 135 

1966 235 136 207 
1967 230 125 169 
1968 233 136 162 

1969 265 144 166 
1970 273 159 223 
1971 231 129 151 

1972 277 143 187 
1973 387 216 253 
1974 410 213 258 
1975 472 260 295 

Average 271 150 190 

Source: Hampshire Swine Registry, Peoria, III., Personal correspondence, 
January 1976. 

comparisons between grade and registered swine. 
Appraisers need to augment this data by surveying 
dealers and commission men who deal actively in 
swine marketing. 

To supplement the sources of information on 
prices of registered swine, appraisers should con- 
sult with the breed associations. Fieldmen employed 
by breed associations can generally be expected to 
give accurate appraisals of the worth of animals 
registered in their respective breed associations. 

Sheep 

The number of sheep and lambs in the United 
States declined in the last three decades reaching 
13.3 million head in 1976. (2) The number of pure- 
bred sheep that are registered as purebred represent 
less than 1 percent of the total sheep and lambs in 
the United States. The number of registrations and 
the volume of sales for selected years are presented 
in table 12-16 for the major breed associations. 

Selling purebred sheep is a highly specialized 
business. They are usually sold at private treaty 
directly to other purebred breeders or owners of 
commercial flocks. Accurate pricing of breeding 
sheep can be difficult because of the lack of pub- 
lished price data on which to base prices. Official 
agencies such as the Federal-State Market News 
Service do not published price quotations for breed- 
ing ewes and rams. The only available published 
price data is found in the breed journals. However, 
such data is only reported for major sales. More- 
over, it is not reported on a regular basis. Table 
12-17 illustrates the type of price data reported by 
the breed journals. 
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TABLE 12-16.    Registrations and transfers for registered sheep, selected years 

Breed association 
1974 

Registrations 
Previous 

5-year average 
1974 

transfers 
Previous 

5-year average 

National Suffolk Sheep Association 

American Hampshire Sheep Association 

American Suffolk Sheep Society 

Continental Dorset Club 

American Rambouillet Sheep Breeders Association 

American Corriedale Association 

Columbia Sheep Breeders Association 

American Shropshire Registry Association 

American Southdown Breeders Association 

American Cheviot Sheep Society 

Montadale Sheep Breeders Association 

Finnsheep Breeders Association 

American Oxford Down Record Association 

29,045 26,828 19,931 17,560 

17,492 20,611 12,400 13,994 

14,478 13,000 4,932 3,500 

9,274 9,070 5,602 5,579 

6,097 6,857 1,996 2,470 

6,009 7,551 3,459 4,036 

5,035 6,446 2,314 3,686 

4,060 4,448 2,265 2,194 

3,358 4,338 NA NA 

2,408 2,813 1,625 1,622 

2,315 2,338 1,044 1,130 

1,630 1,513 733 360 

1,277 1,101 697 567 

Source; "1974 Purebred Sheep Review," Sheep Breeder and Sheepman, March 1975, pp. 66-67. 

The prices reported in table 12-17 are by no 
means typical for the purebred sheep industry. In 
fact, less than 100 head surpassed $1,000 in 1974. 
The table does show clearly that prices of purebred 
sheep vary substantially by breed and sex. In gen- 
eral, prices paid for rams are significantly higher 
than ewe prices. This is because of the high demand 
for rams by both the purebred and commercial seg- 
ments of the sheep industry. 

Despite the fact that price data is not widely 
available for purebred sheep, it is possible to estab- 
lish a basis for pricing animals provided that ap- 
praisers are acquainted with the marketing system. 
A survey of dealers, commission men, breed orga- 
nizations, and others involved in the trading of 
breeding animals in a given area can provide a 
base price on which to base indemnities. A simpler 

TABLE 12-17.    Top selling prices for purebred rams 
and ewes, 1974 

Breed Rams Ewes 

dollars 

Cheviot 185 

Columbia 1,800 

Corriedale 850 

Polled Dorset 1,425 

Hampshire 3,700 

Montadales 875 

Oxford 360 

Rambouillet 2,000 

Shropshire 1,200 

Southdown 1,300 

Suriolks 12,000 

dollars 

215 

425 

350 

825 

1,475 

500 

275 

675 

700 

550 

3,400 

Source: "1974 Purebred Sheep Review,"  Sheep Breeder and  Sheepman, 
March 1975, pp. 70-76. 

procedure which may be applied to run-of-the-mill 
breeding animals is that of appraising them on the 
basis of their meat value plus a specified premium. 
The amount of the premium above meat value 
should be based on factors related to the individual 
animals being appraised such as age, pedigree, per- 
formance, and other relevant factors. 

SUMMARY AND CONCLUSIONS 

Legislation currently in effect calls for compen- 
sation for destroyed animals, animal products, and 
materials on the basis of ''fair market value." Two 
basic alternatives of appraisal, with possible modifi- 
cation, except for determining indemnity rates for 
livestock: 

(1) Market Value 
(2) Productivity Value. 
The market value method is equivalent to the 

current open market prices of the animal or product 
at the time of slaughter. It can be used for livestock 
animals or products for which there is a regular 
price quotation at a recognized market. This method 
is simple and thus can be easily applied provided 
that appraisers make intelligent interpretation of 
market quotations for different grades and classes 
of animals and products. It is also assumed to be 
equitable and fair because the price is determined 
in a competitive setting where the final price of an 
animal is determined by the actions of numerous 
buyers and sellers. 

The productivity method is intended to provide 
a "value in use" for resources irrespective of their 
current market prices. It is defined as the present 
discounted value of future net returns or profits. 

The productivity method may be very difficult to 
apply because of lack of pertinent data and the 
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considerable cost of using such a method even if 
data is available. In order to estimate productivity 
values for depopulated farms a complete accounting 
of costs and returns over a specified period of time 
is needed for each farm or at least for representa- 
tive farms. 

From the standpoint of both equity and efficiency 
in application, it appears that the open-market 
method is the most desirable appraisal method to 
use. There are two main reasons for reaching such 
conclusions: 

(1) The marketing system for the primary live- 
stock sector is very competitive. Prices for 
livestock are determined competitively and 
fairly on a regular basis at literally hundreds of 
auctions and terminals throughout the country. 

(2) The substantial variation in production costs 
from one farm to another, the difficulty in 
estimating costs and returns with adequate 
accuracy, and the possible disagreement over 
what constitutes a ''fair return to resources" 
makes the productivity method of appraising 
slaughtered livestock and other products much 
less desirable than a system based on market 
prices. 

The procedures for estimating market value should 
be based on use of price data from public sources 
for competitive markets where this is possible. In 
order to develop equitable and efficient appraisal 
systems of livestock, it is necessary to follow some 
systematic and uniform method of evaluation that 
considers quality, yield, and other differences of 
livestock species. For commercial livestock such a 
method is the system of grading and classification 
developed by the U.S. Department of Agriculture. 
This and other procedures for appraising breeding 
and dairy animals including purebred animals are 
presented in detail. 

Concluding Recommendations 

We conclude that the use of the open-market 
value for livestock and products at the time of 
slaughter is the only practical approach to indemnifi- 
cation. If the situation develops in which all major 
markets are closed and there ceases to be any 
reliable yardstick on which to base indemnity 
values, we propose that historic prices be used and 
that they be adjusted to reflect changing seasonal, 
cyclical, and other price movements. 

The value estimating system on which indemnity 
payments are based will require that professional 
appraisers be used to assess the value of livestock 
involved since it will be impractical to move live- 
stock to market for appraisal. 

The necessity for expert appraisers is particularly 
important in the case of registered dairy and breed- 
ing animals. Consequently, the USDA should estab- 
lish a list of appraisers chosen with consultation 
with the respective breed associations. During emer- 
gency disease eradication programs, appraisers can 
be chosen from these lists to appraise registered 
animals. In order to maintain a degree of uniformity 
in the valuation of livestock it is suggested that the 
appraisal officers attached to the Regional Emer- 
gency Animal Disease Eradication Organizations 
[READEO) be given the responsibility of monitoring 
indemnity payments in their regions. 

Full compensation through indemnity payments 
should be limited to payments for animals, animal 
products, or materials directly destroyed in the 
operation of a disease eradication program. While 
it is recognized that consequential losses may prove 
to be substantial, it is suggested that direct payment 
of indemnities should not be made for such losses. 
Rather it is recommended that in those cases where 
consequential losses represent severe economic 
hardships, those hardships should be alleviated via 
utilization of such policies as low-cost loans, liberal 
tax writeoffs, unemployment compensation, etc. 

Data Needs 

Relevant and accurate data is a necessary require- 
ment for a successful and fair indemnification pro- 
gram. Reasonably accurate and adequate data is 
provided by the Federal-State Market News Service 
(FSMNS) on feeder and slaughter livestock. This 
type of data can be obtained directly by appraisers. 
Prices for varying grades, qualities, and weights 
can be established at almost any time for almost 
any area in the United States. 

In contrast to feeder and slaughter livestock, 
price data on breeding and dairy animals is very 
scanty. There are no regularly established markets, 
such as terminal markets, with regular price quota- 
tions for breeding and dairy stock. 

Because of the lack of adequate and current price 
data for breeding and dairy animals, we propose 
that APHIS establish, in cooperation with Eco- 
nomics, Statistics, and Cooperatives Service, AMS, 
and other agencies in the USDA, a data reporting 
system on livestock prices at the local. State, 
regional, and national levels. The proposed system 
should be used only to collect data not currently 
available. For example, market reporters employed 
by FSMNS may expand their activities to include 
price reporting on breeding animals and dairy cattle. 
Since any expansion in data coverage will involve 
considerable costs we suggest that such expansion 
be planned in advance but that it only be imple- 
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mented during disease outbreaks. In conjunction 
with this expansion in data acquisition it is recom- 
mended that appropriate USDA agencies be assigned 
the task of establishing a set of formulas which 
provide estimates of historical relationships between 
subsets of animals within different classes of breed- 
ing stock (e.g., table 12-11) and of other useful pre- 
diction equations (e.g., dairy cow prices, beef prices, 
and milk prices, table 12-4) with appropriate ad- 
justment factors for season and location. An exam- 
ple, for illustrative purposes only, is shown in 
appendix F. 
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APPENDIX A: A SUMMARY OF COMPENSATION PROVISIONS IN SELECTED COUNTRIES^ 

2. 

Federal Repubh'c of Germany: Compensation is authorized under an epizootics act which provides for 
compensation on the basis of the full market value. Compensation payments are financed by an epizootic 
fund which receives an annual contribution from all the owners (per head of animals) and also receives 
a state subsidy. 

Coverage; Compensation covers only slaughtered animals. Loss of income is not compensated. Further- 
more, compensation does not cover cattle imported into federal territory within a fixed period of time 
before the incidence of the disease, unless it has been proven that the animals contracted the disease 
after import. The right to compensation may be lost if the owner fails to notify the authorities about the 
appearance of the disease iji his premises within 24 hours or knowingly bought an animal or animals 
affected by the epizootic. 

France: Livestock owners whose animals are destroyed may obtain compensation payments. The amount 
is fixed by ministerial order or by decree according to the disease. Animals affected by FMD are compen- 
sated at 100 percent of market value if vaccinated and 75 percent of market value if not vaccinated. No 
compensation is made for consequential losses. 

A producer who finds the estimated compensation payment to be low may contest it before the 
Perfect. In reality, complaints are very rare because compensation is made by experts proposed by 
producers themselves. 

iThe information in this Appendix is based on Prevention of Cattle Diseases, InternationaJ Association of Legal Sciences, Brussels, 1964. 
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3. Greece: The Minister of Agriculture appoints a commission to assess the market value of the animals 
which is fully compensated by the Government. The decision of assessment of the value of the 
slaughtered animals is irrevocable. 

4. Netherlands; Compensation is paid in full for animals suspected of having the disease and only 75 per- 
cent of market value is paid for infected animals. Loss of profits is not compensated. 

5. Poland: Compensation for slaughtered animals is 100 percent of the estimated market value, and 75 per- 
cent for dead animals. The value is based on the value of the healthy animals, according to current prices 
in the local market. There is no scale which fixes it in advance. The estimated value takes account of 
the particular characteristics of the animal, such as milk productivity, pedigree, and the like. 

6. Sweden: Compensation is made according to the market value the animal would represent if the disease 
had not occured. Claims owing to loss of earnings may be compensated within certain limits. The 
maximum payment is equivalent to the amount paid under the Swedish provisions for health insurance 
to individuals as compensation for lost earnings in cases of sickness. 

7. Britain: Compensation is for full market value. No compensation is paid for any consequential loss 
caused by eradication procedures such as the loss of profits to producers whose animals are slaughtered. 
There is accordingly no compensation for any loss ensuing on movement of animals. Slaughtered animals 
are valued individually and not as a herd. 

APPENDIX B: EVALUATION OF LIVESTOCK WHEN LIVESTOCK MARKETS ARE CLOSED 

Under ordinary situations where only minor epidemics of FMD or other exotic diseases occur the 
methods of appraisal discussed in the body of this report are adequate for determining fair indemnity values. 
However, when a major epidemic occurs which extends to major livestock production areas of the country 
and remains for a long period of time (more than 2 months), the use of the current market price as a basis 
for indemnification may not be feasible simply because of closure of livestock markets which eliminates any 
readily ascertainable yardstick against which prices could be measured. 

It is possible that the situation described above may never occur in the United States, but at the same 
time we need to be able to deal with such a situation if it ever arises by having built-in flexibility in the 
indemnification guidelines. 

The following procedure is suggested for use in determining indemnities when widespread and pro- 
longed outbreaks of disease occur: 

(1) A base price should be established for each class and age group of livestock covered by indemnity 
legislation. The base price may be the market price prevailing prior to the closure of livestock 
markets. 

(2) Producers of breeding and dairy animals whose stock is destroyed should be paid indemnities on 
the basis of the established base price with the understanding that adjustments will be made later 
to reflect the changing price conditions during the outbreak period. 

(3) When the disease emergency is over and normal trading in livestock is resumed, APHIS should 
appoint a panel of livestock marketing specialists whose major responsibility is to oversee the 
supplementary payment program.^ The panel may determine supplementary payments on the basis 
of the changes in prices for different classes of livestock. In general the amount of the supple- 
mentary payment should be the difference between the base price and the replacement cost for 
similar (like) animals. 

1 The panel may include purebred and commercial producers, dealers, livestock marketing economists, livestock appraisers, etc. 
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It is suggested that supplementary payments be limited to owners of breeding and dairy animals 
and specifically to only those who restock their farms within a reasonable period such as 1 year or 
less. The justification for supplementary payment to owners of breeding and dairy stock is that such 
payments will help bring the basic inventory of animals to normal levels and, therefore, minimize 
the future economic impact on producers and consumers alike. 

The procedure suggested above is intended only as an illustration and further detail may be needed to 
make it applicable. However, we recommend that APHIS give serious consideration to such a proposal. 
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APPENDIX C: VALUATION OF LIVESTOCK USING PRODUCTIVITY OR CAPITALIZED VALUE 

Under the productivity method, costs and prices of the future [based on a historical period) are first 
estimated. These estimates are expectations and are, therefore, subject to error and uncertainty. 

The method basically involves a budgeting procedure where a complete analysis of costs, prices, and 
outputs is made. Costs, including interest rate on investments, are subtracted from expected gross returns 
to give a net profit. 

The discounted present value of a given resource can be computed as shown in formula (1): 
R-C 

(1}    V =  
r 

Where R represents gross income, r is the interest rate and C is the cost incurred. C represents both 
fixed and variable costs. The above formula assumes equal costs and returns every year and it also assumes 
a perpetual income. Since we know that the life span of some investments including livestock is finite, a 
better formula to use is shown below: 

(2) V = 
Rl 

lT"r 
+ R2 + .+ Rn 

C1 + 
C2 + .+ Cn 

(1 + r]°- (1 + r)2 (1 + r)" _ 

Where R again represents gross income, r interest rate, n is the expected hfe of the investment and C is the 
cost per year. 

Formula number (2) above is thus more appropriate to use when an investment is made in a terminal 
product such as breeding animals and when the costs and returns are not the same every year. 

If a salvage value for the investment is to be considered then formula [3) below should be used. 

(3) V = 
Rl + R2 

1 + r       [l + rf 

C2 

+ + Rn + 
(1 + r)°       (1 + r] ■■] 

C1 + + + Cn 

-] 1 + r (1 + r)" 

R, r, n and C have been defined before and S is the salvage value. 
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To use the productivity method outlined above for valuation purposes, we need to collect the following 
data: 

(1) Data on the economic and physical makeup of each farm. This would include a complete accounting 
of the farm's input-output relationships such as labor, feed, replacement strategies, production, etc., 

(2) Data on fixed investments, and 
(3) Data on cash flows, sales, and expenditures. 

The above data should be collected to cover both disease and pre-disease conditions on each farm or at 
least for a sample of farms. 

Once data is collected, the analysis should proceed to compare expected net income under the disease 
situation with that of no disease. The difference will give an estimate of losses as a result of the eradication 
program. 

APPENDIX D: SOURCES OF LIVESTOCK PRICE INFORMATION^ 

The following information should provide appraisers with adequate sources of information on prices of 
livestock for most parts of the country. It is hoped that appraisers use the sources listed here before 
determining appraisal values. If all appraisers use a uniform method of appraisal that takes into considera- 
tion quality, weight, and locational difference, problems concerning fairness in indemnification will be mini- 
mized. The following information is provided in this appendix. 

(1) A listing of livestock public markets and a map showing their location. 
(2) A listing of Federal-State Market News offices and their telephone numbers. 
(3) A tabulation of cities from which market news reports are issued which also includes a directory of 

automatic telephone answering devices. 
(4) A map showing the location of market news offices and the teletype network circuits. 

^Information in this appendix is adapted from AMS-551, Agricultural Marketing Service, U.S. Department of Agriculture, JVIarch 1975. 
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LIVESTOCK TERMINAL MARKETS SHOWN ON FIGURE 12-0-1 

1. Amarillo, Texas 
2. Baltimore, Maryland 
3. Billings, Montana 
4. Cincinnati, Ohio 
5. Clovis, New Mexico 
6. Dodge City, Kansas 
7. Evansville, Indiana 
8. Fort Smith, Arkansas 
9. Fort Worth, Texas 

10. Greeley, Colorado 
11. Indianapolis, Indiana 
12. Joliet, Illinois 
13. Joplin, Missouri 
14. Kansas City, Missouri 
15. La Junta, Colorado 
16. Lancaster, Pennsylvania 
17. Lexington, Kentucky 
18. Louisville, Kentucky 
19. Memphis, Tennessee 
20. Mexico, Missouri 
21. Montgomery, Alabama 
22. National Stock Yards, Illinois 
23. Norfolk, Nebraska 
24. Oklahoma City, Oklahoma 
25. Omaha, Nebraska 
26. Peoria, Illinois 
27. Portland, Oregon 
28. St. Joseph, Missouri 
29. San Angelo, Texas 
30. San Antonio, Texas 
31. Sealy, Texas 
32. Sioux City, Iowa 
33. Sioux Falls, South Dakota 
34. South St. Paul, Minnesota 
35. Spokane, Washington 
36. Springfield, Missouri 
37. Torrington, Wyoming 
38. Tulsa, Oklahoma 
39. West Fargo, North Dakota 
40. Wichita, Kansas 

Source; Livestock Market News, Livestock Division, Agricultural Marketing Service, U.S. Department of Agriculture, Washington, D.C., 1975. 
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TABLE 12-D-l.    General Livestock Information Available by Area and State 

State Area or Station Telephone 

Alabama 
Arizona 
Arkansas 

California 

Colorado 
// 
// 

Florida 
Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Michigan 
Minnesota 
Missouri 

Montgomery 
Phoenix 
Ft. Smith 
Little Rock 
Bell 
El Centro 
Stockton 
Visalia 
Brush 
Greeley 
Sterling 
Kissimmee 
Macon 

Thomasville 
Burley 
Pocatello 
Chicago 
Joliet 
National Stock Yards 
Peoria 
Springfield 
Evansville 
Indianapolis 
(Code 800 calls are toll-free in 
Indiana only. Out-of-state calls 
not accepted.) 
Ames 

Des Moines 
Durant 
Sioux City 
Dodge City 
Wichita 
Frankfort 
Louisville 

Lansing 
South St. Paul 
Kansas City 
Mexico 
(Not available 8:30 to 9:15 a.m. 
and 11:30 a.m. to 12:00 noon.) 
South St. Joseph 

232 

(205] 281 7060 

(602] 275 7972 

(918] 875 3892 

(501] 664 8790 

(213] 268 8020 

(714] 352 8160 

(209] 466 3025 

(209] 733 3750 

(303; 842 2249 

(303; 353 5170 

(303; 522 4772 

(305 846 6328 

(912] 743 1903 
or 

(912] 746 1559 

(912] 226 9511 

(208] 678 2424 

(208; 232 7500 

(312] 922 1253 

(815] 423 5026 

(618] 874 1900 

(309] 676 8811 

(217] 525 4019 

(812] 464 5206 

(800] 382 1567 

(515) 294 6899 
or 

(515) 294 4347 
(515) 282 6870 
(319) 785 6032 
(712) 252 2100 
(316) 225 1311 
(316) 267 7992 
(502) 564 4958 
(502) 584 6617 
(and grain) 

(517) 373 6330 
(612) 451 3692 
(816) 421 7694 
(314) 581 6250 

(816) 238 1203 



State Area or Station Telephone 

Nebraska 

New Mexico 
North Dakota 
Ohio 

Oklahoma 

Oregon 
Pennsylvania 
South Carolina 
South Dakota 

Tennessee 

Texas 

Washington 
West Virginia 

Wyoming 

Aurora 
Beatrice 
Columbus 
David City 
Exeter 
Fremont 
Grand Island 
Holdrege 
Kearney 
Omaha 

Tekamah 
York 
Clovis 
West Fargo 
Bucyrus 
Chillicothe 
Columbus 
London 
Washington Court House 
Oklahoma City 
Purcell 
Tulsa 
Portland 
New Holland 
Columbia 
Rapid City 
Sioux Falls 
Jackson 
Knoxville 
Memphis 
Nashville 
Amarillo 
San Antonio 
Sealy 
Spur 

Sunnyside 
Charleston 
[Not available 11:00 a.m.  to 
2:00 p.m.) 

Cheyenne 

(402) 694 3183 

(402) 223 5231 

(402) 564 2778 

(402) 367 4221 

(402) 266 5461 

(402) 721 4100 

(308) 384 5101 

(308) 995 4497 

(308) 237 5908 

(402) 731 4481 
or 

(402) 731 5355 

(402) 374 1667 

(402) 362 6623 

(505) 763 3030 

(701) 237 3426 

(419) 562 5489 

(614) 772 1431 

(614) 466 6484 

(614) 852 2311 

(614) 335 5100 

(405) 236 5491 

(405) 527 3995 

(918) 245 7134 

(503) 289 7220 

(717) 354 7288 

(803) 779 7980 

(605) 342 1833 

(605) 336 7765 

(901) 423 2080 

(615) 525 3211 

(901) 774 6460 

(615) 256 0596 

(806) 372 3494 

(512) 223 4100 

(713) 885 2050 

(806) 271 4505 
(and grain and 
cotton) 

(509) 837 2412 

(304) 348 8883 

(307) 117  7628 
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TABLE 12~D-2.    Federal-State Market News Service Commodity Offices 

and Teletype Network Connections 

City and State 
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Albany, New York X X 
Amarillo, Texas X X 
Ames, Iowa (1)* R 
Asheville, N.C. X 
Atlanta, Georgia X 
Austin, Texas X X R X 
Baltimore, Maryland X X 
Baton Rouge, Louisiana X X 
Billings, Montana X X 
Birmingham, Alabama X X 
Centralia, Illinois X R 
Charleston, West Virginia X R 
Chicago, Illinois X X X X 
Cincinnati, Ohio X 

Clovis, New Mexico X X 
College Park, Maryland X 

Columbia, South Carolina X X R 
Columbus, Ohio X X X 
CorvalHs, Oregon (2)* R R 
Crowley, Louisiana X X 
Denver, Colorado X X X 
Des Moines, Iowa X X X X 
Dodge City, Kansas X X 
El Centro, California X X 

Evansville, Indiana X X 
Fort Smith, Arkansas X R 
Fort Worth, Texas X X 
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City and State 
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Frankfort, Kentucky X 

Fresno, California X 

Greeley, Colorado X X 

Hartford, Connecticut R 

Honolulu, Hawaii X X 

Idaho Falls, Idaho X 

Independence, Missouri 

X 

X X 

Indianapolis, Indiana X 

Jackson, Mississippi X X 

Jefferson City, Missouri X 

X 

X 

X X 

Joliet, Illinois R 

Kansas City, Missouri X X 

Lancaster, Pennsylvania X X 

Lansing, Michigan X X 

Lexington, Kentucky X 

Little Rock, Arkansas X 

X 

X X 

Los Angeles, California X X 

Louisville, Kentucky X X X 

Madison, Wisconsin X X 

Martinsburg, West Virginia X 

Memphis, Tennessee X R X 

Merrill, Oregon X 

Mexico, Missouri X 

Minneapolis, Minnesota X X 

Montgomery, Alabama X X 

Moses Lake, Washington X X 

National Stock Yards, 111. X X 

Nashville, Tennessee X X 

Newark, New Jersey X R X 

North Portland, Oregon X X 

North Salt Lake, Utah X X 
—¿_ ——  

Oklahoma City, Oklahoma X X 

Omaha, Nebraska X X 
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Onley, Virginia X 

Peoría, Illinois X X 

Philadelphia, Pennsylvania X X R X 

Phoenix, Arizona X X 

Pittsburgh, Pennsylvania X 

Portland, Oregon X X 

Raleigh, North Carolina X X 

Redding, California X X 

Richmond, Virginia X X 

Sacramento, California X X X X 

St. Paul, Minnesota X 

San Angelo, Texas X X 

San Antonio, Texas X X 

San Francisco, California X X X X X 

Sealy, Texas X X 

Sioux City, Iowa X X 

Sioux Falls, South Dakota X X 

South St. Joseph, Missouri X X 

South St. Paul, Minnesota X X X X 

Spartanburg, South Carolina X 

Springfield, Illinois X X X 

Springfield, Missouri X X 

Stockton, California X X 

Tallahassee, Florida (3)* X X 

Tampa, Florida X 

Thomasville, Georgia X X 

Torrington, Wyoming X X 

Trenton, New Jersey R 
Tulsa, Oklahoma X R 

Visalia, California X X 
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Washington, D.C. X 

X 

X 

X X X X X X X X 

West Fargo, North Dakota X 

West Plains, Missouri 

Wichita, Kansas X X 

Yakima, Washington X R X 

R—Receiving only teletype stations. 
(1)* Iowa State University—Receives livestock, grain, poultry and eggs, and dairy reports. 
f21* Oregon State University-Receives livestock, fruits and vegetables, grain and poultry reports. 
3)* Florida Bureau of Market News-Receives livestock, fruits and vegetables, poultry and eggs, and grain reports. 

Source; U.S. Department of Agriculture, Agricultural Marketing Service.  AMS-551, March 1975. 
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APPENDIX E: SOURCES OF INFORMATION ON REGISTERED DAIRY CATTLE 

The purpose of this appendix is to provide appraisers with reference material on appraising registered 
dairy cattle. Additional information can be obtained from the respective breed associations. 

TABLE 12-E-l.—Breed summary 

Breed 
1974 

Registrations 
Total cows 
registered 

Percent cows 
in U.S. grade 

and registered 

Number DHI cows 
grade & 

registered 1972 
DHI average 

Proven 
sires 

available 
National 

headquarters 

Ayrshire Females, 
10,372 
Males, 704 

85,000 1-2% 22,336 cows 
11,610 lbs. 

21 Brandon, 
Vermont 

Brown 
Swiss 

Females, 
12,857 
Males, 2,298 

80,000 1-2% 27,111 cows 
12,743 lbs. 

32 Beloit, 
Wisconsin 

Jersey Females, 
337,759 
Males, 2,053 

270,573 10-15% 103,053 cows 
9,497 lbs. 

90 Columbus, 
Ohio 

Guernsey Females, 
27,418 
Males, 1,502 

265,000 5-9% 93,392 cows 
10,285 lbs. 

77 Peterborough, 
New Hampshire 

Holstein Females, 
2,683,331 
Males, 23,458 

2,000,000 80-85% 1,721,129 cows 
14,712 lbs. 

771 Brattleboro, 
Vermont 

Milking 
Shorthorn 

Females, 
3,503 
Males, 1,131 

50,000 1-2% 3,133 cows 
10,450 lbs. 

5 Springfield, 
Missouri 

Source; Adapted from Dairy Project Workbook, Cooperative Extension Programs, University of Minnesota Extension Service, 4-H, B-10, 1975. 

TABLE 12-E-2.—Average price for registered and grade dairy cattle, 1965-1974 

Year 

Registered 1 
Average price 

Grade 
Average price 

Ratio of grade 
to registered 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

379 
472 
508 
527 
543 
606 
658 
770 
939 
992 

193 
221 
232 
246 
273 
302 
325 
351 
447 
449 

.51 

.47 

.46 

.47 

.50 

.50 

.49 

.46 

.48 

.45 

lOnly the three major dairy breeds are included. These are Holsteins, Guernsey, and Jersey breeds.        .    ^    .    ^ ^ ^    •    u     i c4o.,-cti.»   jjiznA 
Source: Registered dairy cattle prices are compiled from respective breed journals. Grade average price is derived from Agricultural Statistics, USDA, 

Washington, D.C., Various issues. 
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APPENDIX F: SPATIAL AND SEASONAL DIFFERENCES IN PRICES OF DAIRY CATTLE 

The formula method of pricing dairy cattle has dealt with average annual prices on a national basis. 
However, it is known that prices of dairy cows vary substantially from one region of the United States to 
another. Prices of dairy cows may also vary seasonally. 

Table 12-F-l below shows the monthly and annual average price per head received by farmers, by 
regions for the period 1960 to 1972. While the United States annual average price for the period was $268 per 
head, the annual average price for the nine major regions ranged from a low of $196 in the East South Central 
region to a high of $316 in the Middle Atlantic region.^ Table 12-F-2 presents the same data as index 
numbers (1960 to 1972 = 100). For some locations. State rather than regional data may be required in order 
to identify appropriate locational price differentials. 

The monthly variation in prices of dairy cows as shown in tables 12-F-l and 12-F-2 is not very 
significant compared to the regional differences. For example, the index of prices for the United States 
ranged from a low of 97 in January to a high of 101 in September, October, and November. However, in 
order to obtain equitable indemnity values for dairy cows it is suggested that seasonal differences in prices 
should be considered. 

To illustrate the use of the formula method on a State basis the following equation was estimated for 
Minnesota.^ 

Pdc = -80.29244 + 8.516245Pb + 35.1326Pm 
(1.50228) (8.15093) 

Where R^ = .941 

Pm == Price of milk per hundred weight in dollars. 
Pb   = Price of all beef cattle per hundred weight in dollars 
Pdc = Price of grade dairy cows per head in dollars 

Because of the high correlation between the price of dairy cows and the prices of beef and milk, it is 
possible to get a good estimate of the current price of dairy cows by using the above equation. This, of 
course, assumes that the future pattern of price relationships remains the same as historical ones. 

TABLE 12-F-l.—Seasonal and regional variation in average prices of milk cows, 1960-1972 

Annual 
Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec average 

New England 289 284 290 290 293 294 295 296 299 330 300 301 295 

Middle Atlantic 310 312 310 313 313 312 316 318 320 320 321 323 316 

East North Central 254 275 285 282 286 285 285 286 288 288 287 286 283 

West North Central 250 254 257 260 260 261 262 262 264 265 264 263 260 

South Atlantic 206 209 211 211 213 213 214 214 214 214 215 215 213 

East South Central 189 192 193 194 196 196 197 197 198 197 198 199 196 

West South Central 221 225 227 227 227 229 230 230 232 232 232 234 229 

Mountain 250 251 254 256 257 258 258 258 260 260 261 262 257 

Pacific 289 290 292 291 292 293 297 297 302 302 304 307 297 

United States 259 260 263 265 266 267 268 268 272 271 270 267 268 

Source: Based on data from "Annual Summary," Agricultural Prices, SRS, USDA, Washington, D.C., Respective issues. 

1 Price includes both grade and registered dairy cows. 

^ Price of all beef cattle in Minnesota was obtained from Agricultural Statistics, USDA, Washington, D.C., Annual issues. Prices of dairy cows and 
milk were obtained from Minnesota Agricultural Statistics, Crop and Livestock Reporting Service, Minnesota Department of Agriculture, St. Paul, 
Minnesota, Annual issues. 
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TABLE 12-F-2.—Index of seasonal and regional variation in average prices of milk cows, 1960-1972 _ 100 

¿¡¡¡^ Ian        Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

í^¡;;ingland 98 96 98 98 99 100 100 100 101 112 102 102 
Middle Atlantic        98 99 98 99 99 99 100 101 101 101 10 102 
East North Central  90 97 100 100 100 101 101 101 102 102 101 101 
West North Central 96 98 99 100 100 100 101 101 102 102 102 101 
South Atlantic          97 98 99 99 100 100 100 100 100 100 101 101 
East South Central 96 98 98 99 100 100 101 101 101 101 101 102 
West South Central 97 98 99 99 99 100 100 100 10 0 101 02 
Mountain                  97 98 99 100 100 100 100 100 101 01 102 102 
Pacific                         97 98 98              98 98 99 100 100 101 102 102 103 
United States            97 97 98             99 99 100 100 100 101 101 101 100 

Source: Based on data from "Annual Summary," Agricultural Prices, SRS, USDA, Washington, D.C., Respective issues. 
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